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progra?l of s tudy ing  the  p l a n e t  Venus by means o f  au tomat ic  , 
space  s t a t i o n s .  The reader can t r a c e  t h e  h i s t o r y  o f  i n v e s t i -  I 
g a t i o n s  o f  Venus, beginning from a n c i e n t  time up t o  t h e  p r e s e n t  
day,  and can l e a r n  about  t h e  f l i g h t  program. of t h e  s t a t i o n s  
Venera-1, Venera-2, Venera-3, Venera-4, Venera-5, Venera-6, 
Venera-7, which we-e able t o  d i s c o f e r  t h e  s e c r e t s  of t h e  p l a n e  
and at  t h e  same time t o  s o l i d i f y  t h e  p o s s i b i l i t i e s  f o r  f u t u r e  
i n v e s t i g a t i o n s .  T h i s  book a l s o  d i s c u s s e s  t h e  o p e r a t i o n  of 
t h e  au tomat ic  space  s t a t i o n  Venera-8, which f i r s t  s t u d i e d  t h e  ~ 
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ANNOTATION 

I n  t h e  popu la r  form, t h i s  buok d i s c u s s e s  t h e  Sov ie t  
program of s tudy ing  t h e  p l a n e t  Venus by means o f  auto-  
mat ic  s p a c e  s t a t i o n s .  

The reader can t r a c e  t h e  h i s t o r y  of  i n v e s t i g a t i o n s  
of  Venus, beginning  from a n c i e n t  t i m e  up t o  t h e  p r e s e n t  
day, and can l e a r n  about t h e  f l i g h t  program of  t he  
s t a t i o n s  Venera-1, Venera-2, Venera-3 , Venera-4, Venera- 
5, ?'enera-6, Venera-7 which were able  to d i scove r  t he  
s e c r e t s  of the  p l a n e t  and a t  the same time t o  s o l i d i f y  
t h e  p o s s i b i l i t i e s  f o r  f u t u r e  i n v e s t i g a t i o n s .  

T h i s  book a l s o  d i s c u s s e s  t h e  oper2.tion of t h e  auto- 
mat ic  space  s t a t i o n  Venera-8, which f i rs t  s t u d i e d  the 
atmosphere and t h e  s u r f a c e  of Venus on t h e  i l l u m i n a t e d  
s ide  of t h e  p l a n e t .  N e w  s c i e n t i f i c  data obta ined  as t h e  
r e s u l t  o f  t h e  f l i g h t  of Venera-8 has en r i ched  world s c i -  
ence r ega rd ing  t h e  un ive r se  and has r e p r e s e n t e d  a new 
s t e p  i n  S c v i e t  s c i e n c e  and technology i n  i n v e s t i g a t i n g  
space by means of au tomat ic  s p a c e c r a f t .  
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INTRODUCTION 

The p r e s e n t  epoch - a t i m e  o f  t h e  g r e a t e s t  achievements i n  - /3+ 
n a t u r a l  s c i e n c e  and technology - i s  c h a r a c t e r i z e d  by t h e  ever-  
i n c r e a s i n g  r o l e  of space  r e s e a r c h ,  which has opened up new poss i -  
b i l i t i e s  f o r  a more profound knowledge o f  n a t u r e .  

The sL7idy o f  c i r c u m t e r r e s t r i a l  space  i s  accompznied by  a s tudy  
of deep space ,  human f l i g h t  - w i t h  the  launches of autornatic sta- 
t i o n s  toward p l a n e t s  of t h e  s o l a r  system and t h e  Moon. 

We have become wi tnesses  t o  t h e  p r o p h e t i c  words o f  Kons tan t in  
Eduardovich Ts io lkovskiy  "Mankind w i l l  no t  a l w a y s  remain on t h e  

Ea r th  b u t ,  i n  t h e  p u r s u i t  of l i g h t  and space,  he w i l l  f i rs t  t i m i d l y  
p e n e t r a t e  beyond the  l i m i t s  of t h e  atmosphere,  and +,hen w i l l  inha- 
b i t  a l l  o f  t h e  c i r cumso la r  space." 

Mankind i s  now p e n e t r a t i n g  i n t o  space ,  s tudy ing  i t ,  and us ing  
it f o r  t h e  purposes  of h i s  own i n t e r e s t s .  

The launches of a r t i f i c i a l  s a t e l l i t e s  have r evea led  t h e  enor-  
mous i n f l u e n c e  of t h e  p r e p l a n e t a r y  cosmic space  upon t h e  atmosphere 
and t h e  ionosphere  of t h e  E a r t h ,  and how t h e  p rocesses  develop i n  
i t .  

The s a t e l l i t e s  of t h e  me teo ro log ica l  s y s t e m  "Meteor" have 
s y s t e m a t i c a l l y  t r a n s m i t t e d  da ta  about p rocesses  o c c u r r i n g  i n  t h e  

atmosphere, and have made it p o s s i b l e  t o  warri s h i p s ,  a i r c r a f t ,  
and t h e  popu la t ion  of endangered r eg ions  about advancing s to rms ,  
typhoons,  and o t h e r  n a t u r a l  c a l a m i t i e s .  They have made i t  p o s s l -  
b l e  t o  p r e d i c t  t h e  weather i n  d i f f e r e n t  r eg ions  of o u r  p l a n e t  mcre 
e x a c t l y ,  which i s  of %remendous economic importance f o r  a l l  c o u n t r i e s .  

9 Numbers i n  t h e  margin i n d i c a t e  p a g i n a t i o n  o f  o r i g i n a l  f o r e i g n  t e x t .  



It has become customary f o r  m i l l i o n s  of people ,  l i v i n g  i n  ve ry  
remote parts o f  o u r  count ry  t o  r e c e i v e  t r a n s m i s s i o n s  from the  Cen- 
t ra l  T e l e v i s i o n  and Video Telephone Communication by means of t he  

s t a t i o n s  "Orbi t .  'I 
satel l i te  Molniya-1, u s i n g  the Earth-based network of r e c e i v i n g  - /4 

The S o v i e t  Union and the  United States have c a r r i e d  ou t  a l a r g e  
program of space  research u s i n g  the manned spacecraft Soyuz and 
Apollo and t h e  o r b i t a l  s t a t i o n s  S a l y u t  and Sky Lab. 

S o v i e t  automatic  s t a t i o n s  c a r r y  ou t  s y s t e m a t i c  i n v e s t i g a t i o n s  
of space.  

The f l i g h t s  of t h e  S o v i e t  automatic  s t a t i o n s  Luna-9 and Luna- 
10 first so lved  the  problems of a s o f t  l and ing  on the  Moon and o f  
producing a!' a r t i f t c i a l  s a t e l l i t e  of t h e  Moon. 

The i n t e r p l a n e t a r y  au tomat ic  s t a t i o n s  Zond-5, Zond-6, Zond-7 
and ~ o n d - 8  were the  first 30 r e t u r n  t o  Earth from deep space f l i g h t s  
w i t h  r e s u l t s  of  s c i e n t i f i c  measurements onboard. 

The s t u d y  of t he  Moon and Mars has been s u c c e s s f u l l y  c a r r i e d  
ou t  by Sov ie t  automatic  s t a t i o n s .  I n  September, 1970, the  auto- 
mat ic  s t a t i o n  Luna-16 t r a n s m i t t e d  t o  Earth l u n m  s o i l  t aken  i n  t h e  
r eg ion  of the  Mare F e c u n d i t a t i s .  I n  November, 1970, Lunokhod-1, 
p laced  on t h e  Moon by t h e  s t a t i o n  Luna-17, passed o v e r  the  f irst  
r a i l  on the l u n a r  s u r f a c e  i n  the r e g i o n  of Mare Imbrium and for 10.5 
months cont inued s c i e n t i f i c  i n v e s t i g a t i o n s  along a 10  k i l o m e t e r  
t r a c k .  I n  September, 1971, t h e  au tomat ic  s t a t i o n  Luna-19 was 
launched i n t o  a circumlunar  o r b i t ,  which cont inued s t u d i e s  of t h e  
Moon for more t h a n  a year. I n  February,  1972, t h e  au tomat ic  s t a t i o n  
Luna-20 t r a n s m i t t e d  t o  the Ear th  l u n a r  s o i l  from the  con t inen t  re- 
g ion  of t h e  Moon. 
t r a n s i t i o n a l  sea-cont inent  zone of Mare Serenitatis , overeoming 37 k i l o -  

Between 16 January and 17 A p r i l  1973, i n  t h e  
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meters o f  l u n a r  s o i l  w i th  no roads,  Lunskhod-2 placed on the  s u r f a c e  
by t he  automatic  s t a t i o n  Luna-21, carr ied ou t  unusual  i n v e s t i g a t i o n s .  

On 27 November and t o  December, 1971, af ter  a 6-month space 
f l i g h t ,  t h e  s t a t i c n s  Mars-2 and Mars-3, and t h e  descent  capsule  o f  
Mars-3 were launched i n t o  the o r b i t  o f  sa te l l i tes  o f  M a r s .  These 
were t h e  first t o  land  on t h e  s u r f a c e  of  t h i s  planet .  The automa- 
t i c  s t a t i o n s  Mars-4, Mars-5, ~ a r s - 6  and Mars-7 i n  February-March, 
1973, completed a program of s t u d i e s ,  and t r a n s m i t t e d  t o  the  E a r t h  
unusual  new data about t h i s  p l a n e t .  

With the descent  of t h e  capsu le ,  t h e  first d i r e c t  s t u d i e s  were 
made i n  the atmosphere o f  the  p l a n e t .  

Sov ie t  s c i e n t i s t s  are cont inuing  systematic smdies  of Venus 
by means o f  s p a c e c r a f t ,  i n i t i a t e d  by the  automatic  s t a t i o n  Venera-4 
i n  1967. - 1 5  

One important  space experiment has been s u c c e s s f u l l y  completed. 
The automatic  i n t e r p l a n e t a r y  s t a t i o n  Venera-8, which was launched 
on 27 March 1972, has reached t h e  p l a n e t  Venus. On 22 J u l y ,  t h e  
descant  capsule  of  t h e  Venera-8 s t a t i o n ,  arter aerodynamic braking  
i n  t h e  upper layers of  the  atmosphere, completed 8 smooth descen t  
by parachute  and a s o f t  l anding  on the  i l l u m i n a t e d  p o r t i o n  of t he  
s u r f a c e  o f  Venus. 

Pennants w i t h  a bas-relief of t h e  founder of t he  Sov ie t  State,  
Vladimir I l ' i c h  Lenin, and t h e  coa t  of arms of t h e  Union of  Sov ie t  
S o c i a l i s t i c  Republics were p laced  on t h e  s u r f a c e  of t h e  p l a n e t .  

For t h e  f i rs t  time i n  t h e  h i s t o r y  of cosmonautics,  s c i e n t i f i c  
i n v e s t i g a t i o n s  were performed on the  s u r f a c e  o f  Venus and t h e  para- 
meters of  t h e  p l a n e t ' s  atmosphere on i t s  i l l u m i n a t e d  s ide  were 
determined. 

v i i  



N e w  s c i e n t i f i c  data has been obta ined  about t h e  p r o p e r t i e s  
o f  t h e  s u r f a c e  and atmosphere of Venus. AnotheP s t e p  i n  under- 
s t and ing  the  un ive r se  was taken.  

On 5 February 1974, on i t s  t r a j e c t o r y  towards Mercury, t h e  
American s p a c e c r a f t  Mariner-10 flew around Venus at a d i s t a n c e  of  
about 6,000 kiloml2ters and c a r r i e d  out  s c i e n t i f i c  s t u d i e s  and pho- 
tographs  of  the  cloud l a y e r  of t h e  p l a n e t .  

The program f o r  s tudy ing  the  p l a n e t s  o f  t h e  s o l a r  system by 
automatic  s t a t i o n s  is  cont inuing .  

The purpose o f  t h i s  book i s  t o  d i s c u s s  t h e  S o v i e t  program o f  
s tudying  t h e  p l a n e t  Venus by means o f  automatic  s t a t i o n s .  

v i i  i 



THE ENIGMATIC PLANET 

. . . Each man has h i s  stars. For some who are  wandering, 
they  show t h e  pa th .  For o t h e r s ,  these are s imply  small 
l i g h t s .  For  s c i e n t i s t s  t hey  are a problem which must 
be solved.  

Antoine de S a i n t  Exupery 

Venus i n  i t s  myster ious ,  a l l u r i n g  l i g h t  appears i n  t h e  sky  t o  
the observer  on Earth i n  the  evening i n  t h e  West, then  i n  t he  morn- 
i n g  i n  t h e  East, bu t  never  a t  n i g h t .  Therefore ,  the  a n c i e n t s  as- 
sumed tha t  t h i s  was two stars:  i n  t h e  evening Vesper, and i n  the  
morning, Luc i f e r .  However t h e  a n c i e n t  s c i e n t i s t  Pythagoras  knew 
that i n  a c t u a l i t y  t h i s  was one s tar .  It r ece ived  t h e  name of 
Venus - one o f  t he  goddesses of  Roman mythology - t h e  goddess of 
beauty.  Due t o  i t s  b r i g h t n e s s  and unusual  c o l o r ,  it has been af- 
f e c t i o n a t e l y  c a l l e d  L i t t l e  Evening. 

To des igna te  t h e  Sun, t h e  Moon, and the p l a n e t s  t h e  astronomers 
have used the  s i g n s  of anc ien t  o r i g i n .  The s i g n  of Venus i s  the 

image of a hand m i r r o r  - t h e  emblem of l i f e  and beauty.  

Performing o p t i c a l  obse rva t ions  of Venus, s c i e n t i s t s  have es- 

t ab l i shed  t h a t  i t  moves around t h e  Sun on an almost c i r c u l a r  o r b i t  
a t  an average d i s t a n c e  from i t  of 108.2 m i l l i o n  k i lome te r s .  I ts  
complete r e v o l u t i o n  arourid t h e  Sun r e q u i r e s  224 days ,  16 hours ,  49 
minutes ,  and t h e  average o r b i t a l  v e l o c i t y  is 35 k i lome te r s  p e r  
second. The apparent  r a d i u s  of t h e  p l a n e t  has been estimated as 
approximately 6100 k i lome te r s .  Knowing these va lues ,  md a l s o  the  
p e r t u r b a t i o n s  caused by Venus i n  t h e  motion o f  o t h e r  c e l e s t i a l  
bodies ,  s c i e n t i s t s  have c a l c u l a t e d  i t s  mass - 0.8136 the  mass of 
t h e  Earth,  and t h e  average d e n s i t y  of t h e  matter of Venus - 5.12 
grams pe r  1 cubic  cent imeter .  

1 



(Caption page 7 ) :  V i e w  of  Venus i n  t h e  t e l e scope  at  d i f f e r e n t  
phases (wes tern  e longa t ion ) .  

Venus is  the  c l o s e s +  planet t o  us .  Along i t s  o r b i t ,  it per- 
i o d i c a l l y  occupies  two d i a m e t r i c a l l y  oppos i t e  p o s i t i o n s  w i t h  res- 
pect t o  t he  Sun and the E a r t h ;  these p o s i t i o n s  have been c a l l e d  
the  i n f e r i o r  conjunct ion ,  when Venus i s  between t h e  Sun and the  
Ear th ,  and t h e  s u p e r i o r  conjunct ion,  when t h e  Sun i s  between t h e  
Earth and Venus. Thus t h e  minimum d i s t a n c e  between Venus and the  
Earth is  about 42 m i l l i o n  k i lome te r s  ( i n f e r i o r  con junc t ion )  and 
the  maximum d i s t a n c e  i s  258 m i l l i o n  k i lome te r s  ( s u p e r i o r  conjunc- 
t i o n ) .  

The p e r i o d  between two i n f e r i o r  conjunct ions  - ca l led  the  

synodic  pe r iod  - i s  584 days.  This i s  expla ined  by the  f a c t  t h a t  i n  one 
day Venus passes over  1/225 p o r t i o n  of i t s  o r b i t ,  and the  Earch - 
1/365. Consequently, i n  i t s  o r b i t a l  motion i n  one day Venus ex- 
ceeds the  E a r t h  by 1/584 p o r t i o n  of a c i r c l e .  

The mutual p o s i t i o n  of t he  E a r t h  , Venus, and t h e  Sun i n  t h e  
i n f e r i o r  conjunct ion ,  when t h e y  are l o c a t e d  on cne l i n e ,  changes 
when Venus passes through the d i s c  of  the  Sun. T h i s  may be observed 
even by an  un t r a ined  eye. However, t h i s  phenomenon may not  be seen  
by every onlooker ,  s i n c e  t h e  p e r i o d i c i t y  c l '  Venus i s  8; 105.5; 8 
and 121.5 years. I n  t h e  past  century  t h i s  phenomenon was observed 
on 9 December 1874, and 8 December 1882. 
6 June 2012 w i l l  it be repeated aga in .  

Only on 8 June 2004 and 

I n  1619 Gal l - i leo,  observing Venus i n  a t e l e s c o p e ,  f i r s t  observed 
and described the  consecut ive  changes i n  i t s  phases, s i m i l a r l y  t o  
t he  Moon. He was no t  f i r s t  convinced of  t h e  v a l i d i t y  of  h i s  sb- 

s e r v a t i o n s ,  and decided no t  t o  r e p o r t  on it openly.  Therefore ,  
in format ion  about t h i s  d i scovery  of G a l l i l e o  was recorded i n  a La t in  
phrase anagram and only l a t e r ,  f i n a l l y  convinced of i t s  c o r r e c t n e s s ,  
was i t  dec iphered  and r ep resen ted  by t h e  words " the mother of love  
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imitates t h e  forms of Cynthius." 
Venus, and Cynthius i s  one of t he  o l d  names of t h e  Moon. 

The mother of  love  i s  the  goddess 

I n  t h e  i n f e r i o r  conjunct ion ,  when Venus is  a t  t h e  c l o s e s t  d i s -  
t ance  t o  t h e  Earth, i t s  noni l luminated  s ide i s  always tu rned  toward 
t h e  Earth,  and t h e r e f o r e  i t s  largest phase cannot be seen a t  a l l .  
When d e v i a t i n g  from t h i s  p o s i t i o n  of t he  Itnew Venus", t h e  p l a n e t  
assumes the  form o f  a s i c k l e ,  whose diameter i s  smaller, t he  wider 
t h e  s i ck le .  The complete d i s c  of Venus can be seen  at  an  angle  t o  
t h e  Sun of l o o ,  and t h e  largest s i c k l e  - a t  an angle  of  64O. 

I n  1761 t h e  first Russian academician Mikhai l  Vas i l 'yev ich  
Lomonosov, observing Venus as i t  passed a long  t h e  s o l a r  d i s c ,  es- 
tabl ished tha t  a t  t h e  beginning of i t s  motion, when only a small 
p o r t i o n  of Venus was tu rned  toward the  Sun, on the s ide  of t h e  

dark background a b r igh t  r i n g  emerged around the remaining d i s c  
of t h e  p l a n e t .  With i t s  f u r t h e r  motion, when Venus completely 
covered t h e  d i s c  of t h e  Sun and moved t o  t h e  oppos i t e  edge by  1/10 

of t t s  diameter, a Itbubble" was observed at  the  edge o f  t h e  Sun, 
which f irst  inc reased ,  and then  disappeared t o g e t h e r  w i t h  a small 
segment of t h e  plar.et d i s c .  Similar  phenomena were observed b y  
Lomonosov when Venus merged w i t h  t h e  Sun. 

I n  a d d i t i o n ,  Lomonosov noted tha t  a t  t h e  moment of  e x t e r n a l  
and i n t e r n a l  of  Venus and t h e  Sun, t h e  edge of  the Sun 
became u n c l e a r  and both  d i scs  seemed t o  merge. 

A t  first Lomonosov expla ined  these phenomena by t h e  presence 
of a powerful atmospherc on Venus, more p rec i se ly ,  t h e  phenomenon 
of r e f r a c t i o n  which occurred  when the solar r a y s  passed through 
t h e  dense atmosphere of Venus. 

Lomonosov descr ibed  h i s  obse rva t ions  i n  "The Phenomenon of 
Venus on the  Sun, Observed i n  t h e  S a i n t  Pe te r sburg  Royal Academy 
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(Caption page 8 ) :  Passage of Venus along the s o l a r  d i s c  (accord ing  
t o  photographs of M.V. Lomonsov). 

of Sc iences  on 26 May 1761," as fo l lows :  When t h e  l ead ing  edge 
o f  Venus approached t h e  edge of  the Sun and was about 1 /10  of  t h e  
Venus diameter, a bubble appeared at  t h e  edge of t h e  Sun, which 
c lear ly  became longe r ,  the  c l o s e r  Venus came t o  t h e  pro tuberance .  
Suddenly the  bubble d isappeared ,  and Venus r a p i d l y  appeared t o  
have no edge." I n  a d d i t i o n :  "Based on h i s  obse rva t ions  Lomonosov 
b e l i e v e s  t h a t  t he  p l a n e t  Venus i s  surrounded by a dense atmosphere of 
a i r  which appears t o  be l i k e  tha t  (provided tha t  it i s  not  large) 
surrounding our  p l a n e t  Ear th ."  

The d iscovery  of Lomonosov confirms t h e  f i g u r e  whcch he had 
drawn dur ing  obse rva t ions  o f  the passage of Venus and t h e  passage /9 
of t h e  s o l a r  rays through the  atmosphere of Venus. L e t  us examine 
t h i s  f i g u r e .  The q u a n t i t y  LO i s  a r a y  pas s ing  from the Sun t o  t h e  

observer  when there i s  no atmosphere; LdhO - a ray pass ing  from 
the Sun t o  t h e  observer  when there  i s  an atmosphere on Venus. T h i s  
r a y  w i l l  have double r e f r a c t i o n  a t  t h e  p o i n t s  d and h a t  t he  boun- 
dary of t h e  atmosphere. Thus we may a r b i t r a r i l y  assume t h a t  at  these 
p o i n t s  t h e  d e n s i t y  of  the medium changes s h a r p l y .  

- 

As a r e s u l t  of t h i s ,  t h e  obse rve r  w i l l  see t h e  p o i n t  L on t h e  
con t inua t ion  of t h e  r a y  OhR. 

Consequently, t h e  edge of t h e  Sun w i l l  appear t o  t h e  observer  
t o  be s h i f t e d  ( format ion  of t h e  l lbubblell) .  

The phenomenon by which Venus i s  covered by t h e  stars i s  ob- 
served  much more f r e q u e n t l y  than  t h e  passage of Venus over  t he  
s o l a r  d i s c .  Many astronomers have i n v e s t i g a t e d  t h i s  phenomenon, 
which makes i t  p o s s i b l e  t o  cont inue  t h e  s tudy o f  Venus. 
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Observing t h e  covering of Venus by t h e  s tars  Regulus, the  
c o n s t e l l a t i o n  Gemini and o t h e r s ,  s c i e n t i s t s  have noted  t h a t  

t h e  s t a r s  d i d  not  appear s imultaneously from the  d i s c  o f  Venus, 
as occurs  when these stars are covered by the  Moon. 

A t  f i r s t  a g r e a t  b r i g h t n e s s  appeared,  then  a small s ta r  whlch 
was not  very b r i g h t  s epa ra t ed  from t h e  dark edge of  the p l a n e t ,  
bu t  af ter  1.5 - 2 seconds t h e  b r i g h t n e s s  0.- t h e  s ta r  almost reached 
a maximum. Then, as t h e  s u r f a c e  of Venus receded,  t h e  b r i g h t n e s s  
cont inued t o  i n c r e a s e .  

They exp la in  t h i s  phenomenon, j u s t  l i k e  Lomonosov, by  the  
presence of an atmosphere on Venus, which - according t o  t h e i r  ca l -  
c u l a t i o n s  - must have a th i ckness  from 80 t o  1 1 0  k i lometers .  

The atmosphere o f  Venus proved t o  be s o  "s t rong" t h a t  even 
powerful o p t i c a l  t e l e s c o p e s  could not  p e n e t r a t e  t h e  dense cloud 
cover,  which hides  i t s  f a c e  from cs. That i s  why f o r  a long  p e r -  
i o d  of tlme we d i d  no t  know the  ra te  a t  which Venus r o t a t e s  around 
i t s  a x i s ,  t h e  temperature ,  o r  t h e  aggregate  compGsition of i t s  
s u r f a c e  - hard s t o n e s ,  water s u r f a c e ,  or molten l a v a ?  S c i e n t i s t s  
could not  s a t i s f a c t o r i l y  answer the  ques t ion  of t h e  p l a n e t  r e l i e f .  

Only u n c l e a r  dark  or l i g h t  s p o t s  could be observed v i s u a l l y  
o r  by photographs on t h e  d i s c  o f  Venus. They had a varying f o m  
and were observed f o r  s e v e r a l  days o r  weeks. Some of them were 
uns t ab le  and a f t e r  two o r  t h r e e  days a f t e r  t h e y  had appeared would 
d i sappea r  from t h e  b r i g h t  background of  t h e  p l a n e t .  However, s tab le  
s p o t s  o f  large dimensions were encountered f r e q u e n t l y .  

New melhods of  s tudying  t h e  p l a n e t s  of t he  s o l a r  system a rose  
w i t h  t h e  development of sc ience  and technology:  t h e  methods of  
spectrography,  radioastronomy and radar. 
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Spect rometr ic  i n v e s t i g a t i o n s  and r a d i o  observa5ions r ep resen ted  
a ne# stage i n  the s tudy  o f  Venus. This was because t h e y  could  be 

used t o  o b t a i n  new data about Venus which had been r e l i a b l y  hidden 
from the  observers  by a dense atmosphere. 

During i t s  development, o p t i c a l  astronomy passed from the  tele- 
scape of G a l l i l e o  t o  the p r e s e n t  dap ext remely  complex o p t i c a l  de- 
v i c e s  - refractors, r e f l e c t o r s ,  and mir ror - lens  systems. 

A r e f r a c t o r  is  a t e l e s c o p e  i n  which the i m a g e  of celestial 

j e c t i v e .  This i m a g e  i s  examined through the eyepiece ,  photographed, 
and s t u d i e d  ba' means of  a s p e c t r o g r q h ,  photometer,  e tc .  

stars i s  produced by the r e f r a c t i o n  d f  l i g h t  r a y s  i n  the l e n s  ob- - /10 

The r e so lv ing  capac i ty  of t h e  t e l e s c o p e  is large-, t h e  greater 
the  diameter of t h e  ob jec t ive .  However, t h e  t h i c k n e s s  of the  l e n s e s  
comprising t h e  t e l e s c o p e  ob jecc ive  i n c r e a s e s  s imul taneous ly  w i t h  a 
diameter i n c r e a s e ,  and consequently t h e  l i g h t  abso rp t ion  i n  the 
l e n s e s  inc reases .  

Due t o  t h i s ,  o b j e c t i v e s  w i t h  a diameter more tha2 one meter 
ba re ly  i n c r e a s e  t h e  r e s o l v i n g  capac i ty  of t h e  r e f r a c t o r s .  I n  addi- 
t i o n ,  r e f r a c t o r s  have t h e  fo l lowing  great d isadvantages  : chromatic 
z b b e r a t i m  ( c o l o r i n g  of  t he  image) and s p h e r i c a l  abbera t ions  ( s c a t - -  
t e r i n g  ,f l i g h t  by the  l e n s  edges). For these r easons ,  r e f l e c t o r s  
are wide ly  used a t  t h e  p re sen t  tiixe. 

A r e f l ec t c j r  i s  a r e f l e c t i n g  t e l e s c o p e . I t s  b a s i c  p a r t s  are t h e  
ccncave m i r r o r  (main rr-irror) and ocu la r .  

The dimensions of the  main r e f l e c t o r  mi r ro r s  g r e a t l y  exceed 
tA:e diameters of  the r e f r a c t o r  o b j e c t i v e s ,  and t h u s  t h e  r e s o l v i n g  
capac i ty  of t h e  r e f l e c t o r s  !.s high. 
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A t  t he  p r e s e n t  t i m e  the Mo-mt Palmar Observatory i n  t h e  
United States uses  a reflector whose main mlrror diaineter e q u a l s  
508 cent imeters .  

In  r e c e n t  y e a r s ,  new equipment for o p t i c a l  as t ronomica l  obser- 
v a t i o n s  has been developed and produced - t e l e v i s i o n  and e l e c t r o n  
t e l e scopes .  

The name of the  t e l e s c o p e s  - t e l e v i s i o n  and e l e c t r o n  - is n o t  
q u i t e  v a l i d .  Systems o f  these types  cannot be used independent ly ,  
but i n  combination w i t h  o p t i c a l  telescopes. Consequently, these 
systems are complex r e c e i v e r s  ( d e t e c t o r s )  o f  r a d i a t i o n ,  and n o t  i n -  
dependent t e l e scopes .  

Te lev i s ion  and e l e c t r o n  t e l e s c o p e s  r e p r e s e n t  r e f r a c t o r s  o r  re- 
f l e c t o r s  i n  whose focus  t h e r e  is a t r a n s m i t t i n g  t e l e v i s i o n  tube 
( i n  a t e l e v i s i o n  telescope) o r  an e l e c t r o n - o p t i c a l  t r m s f o r m e r  ( i n  
an e l e c t r o n  t e l e s c o p e ) ,  which convert  the i n f r a r e d  image of the ob- 
ject  i n t o  the  v i s i b l e  image, o r  s imply  the e l e c t r o n  image ampl i f ie r .  

Op t i ca l  obse rva t ions  performed bg o b s e r v a t o r i e s  have a d i r e c t  
dependence on the state of t h e  atmosphere. Cloudiness ,  r a i n ,  snow, 
fog ,  high tu rbu lence  of t h e  atmosphere, dus t  i n  t h e  a i r  and sharp 

temperature drops - a l l  of t h i s  makes I t  d i f f i c u l t  t o  perform s t u d i e s .  
Therefore ,  a t  t he  p resen t  t i m e ,  as a r u l e ,  a t t empt s  are made t o  
p lace  o b s e r v a t o r i e s  high i n  t h e  mountains o r  i n  r e g h n s  w i t h  a dry 
c l imate  and a g r e a t  number of c l e a r  days d u r i n g  t h e  yea r .  

Recently aJtrmomers have p laced  on a i r p l a n e s  and ba l loons  
astronomical  equipment i n  t h e  uppe r  layers o f  t h e  atmosphere. Using 
rocke t s  and s p a c e c r a f t ,  they have s e n t  as t ronomica l  ins t ruments  
beyond t h e  l i m i t s  of t he  atmosphere. As a r e s u l t  of t h e  observa- 
t i o n s  u s i n g  the new technology,  i t  has been p o s s i b l e  t o  g r e a t l y  
extend ou r  as t ronomical  knowledge, u s i n g  f o r  t h e  otcservations wave- 
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l e n g t h  ranges which ape no t  p e r m i s s i b l e  f o r  i n v e s t i g a t i o n s  on t h e  

Earth. /11 - 
S t u d i e s  of u l t r a v i o l e t  and x-ray r a d i a t i o n  have been made u s i n g  

rocke t  probes.  
r eco rd  t h i s  radiat im.  

Small and l o w - i n e r t i a l  equipment has been used t o  

Bal loons are %ore s u i t a b l e  f o r  s tudy ing  t h e  i n f r a r e d  spectroband.  
I n  t h e  first p l a c e ,  t h e y  can be used t o  raise comparably l a r g e  tele- 
scopes and spec t rometers  Co a?l e l t i t u d e  of m o r e  t han  25 k i lome te r s ,  
l eav ing  below 99.96 of- a l l  thc  water vapor,  and sha rp ly  a e c r e a s i n g  
t h e  t ransparency  o f  the te2zcstrial atmosphere f o r  i n f r a r e d  emission.  
I n  t h e  second place, t he  v e l o c i t y  of  the a i r  streams at great a l t i -  
tudes  is  low. T h i s  m a k e s  it p o s s i b i e  t o  perform obse rva t ions  from 
an alinost unmoving ba l loon  f o r  a long  p e r i o d  of  t i m e ,  whfch is nec- 
essary i n  o r d e r  t o  r eco rd  t h e  r a d i a t i o n  of l a r g e  wavelengths. 

Highly a c c u r a t e  e x p e r i n e n t s  on spectroscopy of Venus and o t h e r  
celestial bodies  have been performed us ing  t e l e s c o p e s  having s p e c t r o -  
meters and F o u r i e r  spec t romete r s ,  p laced  on ba l loons  t o  t h e  upper 
layers of  t h e  Ea r th ' s  atmosphere. 

Carbon monoxide C02 was discovered  i n  1932 i n  t h e  upper atmcss- 
phere of  Venus ove r  a cloud layer. Many s c f e n t i s t s  assumed that 
i t s  concen t r a t ion  was no more than  5 - l o % ,  and that t h e  b a s i c  com- 
ponent of t h e  p l a n e t ' s  atmosphere, by analogy w i t h  the te r res t r ia l  
atmosphere, was n i t rogen .  However, n i t r o g e n  was not  found. Later, 
i n  t h e  s ixt ies ,  i t  was established tha t  there  was hydrogen c h l o r i d e  
and hydrogen f l o u r i d e  H C 1  and HF, carbon monoxide CO1, oxygen 02, 
water vapor ,  and c e r t a i n  o t h e r  compounds. The presence  i n  t h e  at- 
mosphere o f  Venus of  hydrogen c h l o r i d e  and hydrogen f l o u r i d e ,  carbon 
monoxide, and o t h e r  compounds may p o i n t  t o  a c t i v e  vo lcan ic  a c t i v i t y  
on the  p l a n e t .  However, t h e  p e r c e n t i l e  conten t  o f  gasees  comprising 
t h e  atmosphere, and t h e  composition of  t h e  cloud layer of t h e  p l a n e t ,  



which reflects the solar l i g h t  very w e l l  and makes t h i s  p l a n e t  
c l e a r l y  v i s i b l e  on t h e  n i g h t  sky ( i n  a d d i t i o n  t o  t h e  Moon) remained 
unknown. 

S e v e r a l  hypotheses were advanced megaiading t h e  composition of 
the  cloud layer dur ing  the spec t romet r i c  i n v e s t i g a t i o n s  of  Venus. 
Some researchers stated t h a t  t h e  cloud c o n s i s t e d  either of  water 
vapor,  o r  of i ce  c r y s t a l s .  Others s t i p u l a t e  t h a t  these are c r y s t a l s  
of carbon monoxide. The t h i r d  group of  researchers states t h a t  
these are small p a r t i c l e s  of ammonium hydroxide MH4C1; t he  f o u r t h  
group assumes t h a t  t h e s e  are dus t  c louds  which have r i s e n  above 
the  p l a n e t ' s  s u r f a c e  w i t h  the  powerful convec t ive  stre:as. The 
assumption has very r e c e n t l y  been advanced tha t  a p o s s i b l e  component 
of t h e  clou.js may be  p a r t i a l l y  hydrated f e r r o u s  c h l o r i d e  2H20 FeC12. 

Radio astronomy, as a neiv method of s tudy ing  the  un ive r se  and 
as a new d i r e c t i o n  i n  s c i e n c e ,  a r o s e  at  t he  beginning o f  the  th i r t ies  

of  t h i s  centuzy. 

The Noon, t he  p l a n e t s ,  stars, t h e  galaxy and i n t e r s t e l l a r  
space t o  a c e r t a i n  e x t e n t  e m i t  r a d i o  waves which have almost every 
p o s s i b l e  frequency. For example, t h e  Sun emits millimeter, c e n t i -  
meter, decimeter, meter,decameter, e t c .  r a d i o  waves, i .e. ,  r a d i o  
waves o f  p r a c t i c a l l y  any frequency,  streams of which a r r i v e  a t  the  
Ea r th  from all p o i n t s  i n  space.  The r a d i a t i o n  bands, the  magneto- 
sphere ,  and the t e r r e s t r i a l  atmosphere sc reen  the  s u r f a c e  o f  t h e  

Ea r th  from t h e  r a a i a t i o n  coming from the  depths  of sgace.  T h i s  
has both  a p o s i t i v e  and a nega t ive  side. On t h e  one hand, t h i s  
saves  organisms which develop on t h e  Earth.  On t h e  o t h e r  hand, 
the  atmosphere b locks  a l a r g e  p o r t i o n  o f  t h e  e d s s i o n s  from space ,  
which could provide man information about space.  Nitrogen, oxygen, 
and ozone i n  t h e  atmosphere absorb u l t r a v i o l e t  r a d i a t i o n  and x-rays,  
t h u s  sc reen ing  t h e  E a r t h  from t he  hard components of t h e  short-wave 
p o r t i o n  of t h e  e l ec t romagne t i c  spectrum of t h e  Sun. I n  a d d i t i o n  
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t o  t h i s ,  water vapor .and carbon d iox ide  absorb the  long wave p o r t i o n  
o f  I n f r a r e d  r a d i a t i o n  emitted by the Ear th ,  and t h u s  p r o t e c t  t h e  
s u r f a c e  of t h e  Ear th  from extreme cool ing ,  Along w i t h  t h i s ,  water 
vapor,  carbon monoxide, and ozone i n  t he  atmosphere i n t e n s i v e l y  
absorb the i n f r a r e d  r a d i a t i o n  o f  t h e  Sun ( p a r t i a l l y  pas s ing  r a d i a t i o n  
i n  the  wavelength range from 8 t o  13 microns)  and t h u s  p r o t e c t  the  
Earth from overhea t ing .  

Consequently, ou t  of t h e  e n t i r e  spectrum o f  e l ec t romagne t i c  
waves examined, t he  Ear th ' s  s u r f a c e  i s  reached by waves of  an op t i -  
cal  range from 0.3 t o  2.5 microns,  waves of the  i n f r a r e d  range from 
8 t o  13  microns,  and radiowaves from 10 microns ( m i l l i m e t e r  waves) 3 
to 2.10 7 microns (20-meter 

Thus, f o r  waves c l o s e  
parency" o f  t h e  atmosphere 
Waves of more than  2 . l o 7  

waves). 

4 t o  10 microns,  the change i n  t he  "trans- 
from r a i n ,  snow, and f o g  is  very great. 
microns are r e f l e c t e d  from the  i o n i z e d  

upper l a y e r s ,  and do not  p e n e t r a t e  throygh the  atmosphere. Thus, 
out o f  the t o t a l  spectrum o f  e l ec t romagne t i c  waves which w e  know, 
only a comparatively small segment may be used f o r  as t ronomica l  i n -  
v e s t  igat ions .  

Radioastrmcmy obse rva t ions  may be carried out  i n  a very wide 
r eg ion  independent ly  of t he  s ta te  of t h e  atmosphere and v i s i b i l i t y  
cond i t ions  i n  t he  daytime o r  at n i g h t .  O p t i c a l  obse rva t ions ,  as 
was i n d i c a t e d  above: are only p o s s i b l e  i n  c o o l  weather, p r i m a r i l y  
a t  n i g h t .  

Radiowaves are s l i g h t l y  absorbed by gas  and t h e  i n t e r s t e l l a r  
dus t  matter. Th i s  makes it p o s s i b l e  f o r  us  t o  s t u d y  more compre- 
hens ive ly  and i n  g rea te r  d e t a i l  ou r  s t e l l a r  sys tem - t h e  ga laxy ,  
a large p o r t i o n  o f  which i s  hidden f o r  v i s u a l  obse rva t ions  by da rk  
clouds of  i n t e r s t e l l a r  d u s t .  
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Important as t ronomica l  q u a n t i t i e s  c h a r a c t e r i z i n g  any celes- 
t i a l  body are: dimensions,  distance from the Ear th  at each moment 
cf t i m e ,  o r b i t a l  v e l o c i t y  o f  motion, d i r e c t i o n  o f  r o t a t i o n  around 
i t s  a x i s ,  temperature  of t h e  s u r f a c e  and t h e  atmosphere, and gas 
composition of t he  atmosphere. 

Radioastronomy is g e t t i n g  d e f i n i t e  answers t o  many o f  t h e  
ques t ions  formulated.  A s tudy  of  c e l e s t i a l  bodies  may be made i n  
a c t i v e  and pass ive  regimes. I n  p a s s i v e  s t u d i e s ,  w e  " l i s t e n "  t o  
r a d i o  s i g n a l s  coming from a terrestr ia l  body, compare them w i t h  a 
s t anda rd ,  and - after ana lyz ing  the  material obta ined  - es tab l i sh  

the  parameters  i n  which w e  are i n t e r e s t e d .  

With the  a c t i v e  method - radar - w e  t r a n s m i t  a r a d i o  s i g n a l  
a t  a s p e c i f i c  wavelength and a s p e c i f i c  power t o  t h e  body be ing  
s tud ied .  After r e c e i v i n g  the  re f lec ted  r a d i o  s i g n a l  and ana lyz ing  
i t ,  w e  a l s o  o b t a i n  c e r t a i n  informat ion  about t h e  ce les t ia l  body. - 113 

Both methods are d i f f e r e n t  and supplement each o t h e r .  

The f i rs t  radar obse rva t ion  of  Venus was made i n  t h e  United 
States i n  1968. However, the  ref lected s i g n a l s  were very weak, and 

the exper imenta l  r e s u l t s  were not  very reliable.  

The f i r s t  s u c c e s s f u l  radar obse rva t ions  of  Venus were performed 
by Sov ie t  s c i e n t i s t s  i n  1961. 
s i g n a l s  by means of t r a n s m i c t i n g  equipment and a d i r e c t i o n a l  an tenna ,  
tney changea t o  r e c e i v i n g  t h e  r e f l e c t e d  s i g n a l ,  u s ing  the  same 
antenna and r a d i o  r e c e i v i n g  equipment. Knowing the propagat ion  
v e l o c i t y  of  t he  waves, t h e  d i r e c t i o n  i n  which t h e  s igna l  was s e n t ,  
and de termining  t h e  Doppler s h i f t  o f  t h e  s i g n a l  frequency from 
d i f f e r e n t  edges of t he  p l a n e t ,  t h e y  measured t h e  d i s t a n c e  t o  t h e  
p l a n e t ,  t h e  v e l o c i t y  a t  which i t  moved along i ts  o r b i t ,  the  v e l o c i t y  
and d i r e c t i o n  of P o t a t i o n ,  and t h e  " r o u g h e s s "  of  t h e  p l a n e t ' s  s u r f a c e .  

After sena ing  a l 'portlonw o f  r a d i o  
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Under t h e  program fo r  i n t e r n a t i o n a l  coopera t ion  for  radar, obse rva t ions  
of Venus, obse rva t ions  were performed us ing  the S o v i e t  t r a n s m i t t i n g  
antenna of  t h e  Center of  Deep Space Comunica t ion  located i n  the  

Crimea, and the  r a d i o  t e l e s c o p e  of t h e  J o d r e l l  Bank Observatory 
(England),  which were l o c a t e d  a t  a great d i s t a n c e  from each o t h e r .  
The main parameters  o f  Venus were determined i n  1961, bu t  wi th  

greater accuracy. 
Radar obse rva t ions  o f  Venus and o t h e r  p l a n e t s ,  as w e l l  as t h e  Moon, 
are be ing  s u c c e s s f u l l y  cont inued a t  t h e  p r e s e n t  t i m e .  

These experiments  were performed i n  1965-1966. 

The basic equipment f o r  radioastronomy o b s e r v a t i o n s  are an an- 
tenna and r a d i o  r e c e i v e r ,  which are t o g e t h e r  c a l l e d  a r a d i o  tele- 
scope. 

The r e c e i v i n g  antenna and the r a d i o  t e l e s c o p e  r e c e i v e r  d i f fe r  

from t h e  antema and r e c e i v e r  o f  t h e  o rd ina ry  r a d i o  b raadcas t .  
This d i f f e r e n c e  l i e s  i n  t he  f ac t  t h a t  t h e  antenna o f  t h e  e x i s t i n g  
r e c e i v e r  r e c e i v e s  a comparatively s t r o n g  s i g n a l ,  and f o r  i t s  r e c e b p t ,  
it i s  s u f f i c i e n t  t o  have a small a n t e n n i ,  a s imple  r e c e i v e r ,  some- 
times even a d e t e c t o r  r e c e i v e r .  The s i t u a t i o n  i s  d i f f e r e n t  w i t h  
rad.j-0 s i g n a l s  from space.  They are very weak, and t o  r e c e i v e  them 
it  is  necessary  t o  have large antennas and very s e n s i t i v e  r e c e i v e r s .  

To i n c r e a s e  t h e  dimensions o f  t h e  antenna (and i n c r e a s e  t h e  

r e s o l v i n g  c a p a c i t y )  and t o  i n c r e a s e  t h e  s e n s i t i v i t y  o f  the  r e c e i v e r ,  
a long w i t h  r e c e i v i n g  a small u s e f u l  s i g n a l ,  t h e  r e c e i v e r  a l s o  re- 
ce ives  a l a r g e  amount of r a d i o  i n t e r f e r e n c e  coming from a l l  s ides  
whick block t h e  weak cosmic n o i s e  ( the  s i g n a l  which i s  u s e f u l  f o r  
ra f icas t ronomy) .  I n  o r d e r  t o  get r i d  of t h e  n o i s e ,  d i r e c t i o n a l  
antennas were developed and produced, which ,-eceived predominantly 
radiowaves moving i n  a c e r t a i n  d i r e c t i o n .  The p r i n c i p l e  under ly ing  
the  c o n s t r u c t i o n  of t h e  r a d i o  t e l e s c o p e  antenna i s  very similar t o  
the  p r i n c i p l e  f o r  t h e  o p t i c a l  t e l e s c o p e .  
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I n  o r d e r  t o  i n c r e a s e  t h e  r e s o l v i n g  capac i ty  o f  r a d i o  t e l e s c o p e s ,  
two methods e x i s t  - dec reas ing  t h e  wavelength and i n c r e a s i n g  the  
t e l e s c o p e  diameter. However, w e  are n o t  free t o  s e l e c t  t he  wave- 
l eng th ;  it i s  determined b y  t h e  purpose of the s tudy .  I n  a d d i t i o n ,  t h e  
s h o r t e r  t h e  wavelength, the greater c a r e  must be used i n  manufactur ing 
t h e  t e l e s c o p e  s u r f a c e ,  and t h e  more 2 i f f i c u l t  i t  i s  t o  produce the  
r e c e i v i n g  devices .  The b e s t  v a r i a t i o n  I s  large diameters o f  tele- 
scopes w i t h  a s u r f a c e  making I'. p o s s i b l e  t o  o p e r a t e  at  a l l  w- ave- 
l e n g t h s  of  the r a d i o  range. - / I 4  

However, w i t h  an i n c r e a s e  i n  t he  diameter t h e  c o s t  o f  the  tele- 
scope i n c r e a s e s ,  a t h i r d  o r  even more t h a n  i t s  dimensions. I n  addi- 

t i o n ,  t h e  t e c h n i c a l  d i f f i c u l t i e s  connected w i t h  manufactur ing such 
t e l e s c o p e s  i n c r e a s e  by s e v e r a l  f a c t o r s  . 

There are now s e v e r a l  d i f f e r e n t  t v e s  of  r a d i o  t e l e s c o p e s ;  
p a r a b o l i c  antennas,  cophasel  an tennas ,  v a r i a b l e  p r o f i l e  an tennas ,  
t h e  Mills crdss, and i n t e r f e r o m e t e r s  are be ing  very wide ly  used. 

A n  i n t e r f e r o m e t e r  c o n s i s t s  of  two o r  more r a d i o  t e l e s c o p e s  of 
comparatively small dimensions,  which are f a r  apart and connected 
by a high frequency cable .  

The r e s o l v i n g  capac i ty  of an i n t e r f e r o m e t e r  i s  determined,  no t  
by t h e  diameter of t he  r a d i o t e l e s c o p e s  i t  c o n t a i n s ,  bu t  by t h e  d is -  

t ance  between them. 

An example of  an i n t e r f e r o m e t e r  c o n s i s t i n g  of  8 16-meter para- 
b o l i c  antennas is t h e  antenna of t h e  Center of  Deep Space Communi- 
c a t i o n  of t he  S o v i e t  Union. An example of a p a r a b o l i c  antenna i s  
t h e  l a r g e  r a d i o  t e l e s c o p e  w i t h  a diameter of 76 meters i n  t h e  

J o d r e l l  Bank Observatory (England),  used f o r  i n v e s t i g a t i o n s  by 
t h e  well Rnown English s c i e n t i s t  Lowell. These devices  can be 
turned  i n  t h e  necessary  d i r e c t i o n  w i t h  great accuracy i n  terms of  



e l e v a t i o n  and azimuth, and they  can fol low t h e  motion o f  i n t e r -  
p l ane ta ry  automatic  s t a t i o n s  and ce l e s t i a l  bodies .  As a r u l e ,  
r a d i o  t e l e s c o p e s  ope ra t e  i n  two modes: receir,;, and t r a n s m i t t a l .  

A s  was i n d i c a t e d  above, s u c c e s s f u l  radar obse rva t ions  of the  
Moon ana the  planets were i n i t i a t e d  i n  t he  United States,  USSR, 

England, and o t h e r  c o u n t r i e s  almost s imultaneously i n  1961. The 
r e s u l t s  o f  t h e  f i rs t  measurements o f  the  v e l o c i t y  of r o t a t i o n  of 
Venus were d i f f e r e n t  and were estimated a t  100 t o  400 days.  

More a c c u r a t e  and comprehensive data were obta ined  by measure- 
ments o f  the s i g n a l  r e f l e c t e d  from Venus carr ied out i n  1962 and 
1964 n e a r  t he  i n f e r i o r  conjunct ion  of t h e  p l a n e t .  It was estab- 
l i s h e d  t h a t  t h e  b e s t  agreement between t h e  c a l c u l a t e d  and exper i -  
mental  data occLirred w i t h  inve r se  r e v o l u t i o n  o f  Venus w i t h  a p e r i o d  
of 230 f 25 days .  A comparison of the  r e s u l t s  o f  measurements i n  
1962 and 1964 showed t h a t  t h e  a x i s  of r o t a t i o n  o f  Venus i s  almost 
pe rpend icu la r  t o  t h e  p l ane  of  i t s  o r b i t .  

Radar i n v e s t i g a t i o n s  of r e c e n t  y e a r s  us ing  improved and more 
a c c u r a t e  equipment have es tabl ished t h a t  t h e  pe r iod  of r o t a t i o n  of  
t h e  p lane t  i s  243.1  - 0.2 t e r r e s t r i a l  days  ( r e t r o g r a d e  r o t a t i o n ) ,  
and t h e  r a d i u s  of t h e  s o l i d  body of Venus i s  6052 - 2.5 k i lome te r s .  

+ 
+ 

Knowing t h e  pe r iod  of r o t a t i o n  and t h e  pe r iod  o f  r e v o l u t i o n  
of Venus, the  du ra t ion  of  Venus days  was found t o  equa l  117 t e r -  
res t r ia l  days .  During a year on Venus, an obse rve r  can see two 
s e t t i n g s  and r i s i n g s  of  t h e  Sun. 

An a n a l y s i s  of  t h e  s i g n a l  r e f l ec t ed  from t h e  s u r f a c e  of  Venus 
a l s o  shows t h a t  t h e  s u r f a c e  o f  Venus i s  r e l a t i v e l y  smooth. "he dia- 
meter of t h e  c e n t r a l  r e f l e c t i n g  spot  i s  1800 k i lometers  (about  15% 
of t h e  t o t a l  diameter, whereas on t h e  Moon i t  i s  10% of t h e  t o t a l  
diameter). The smoothness o f  Venus f o r  t he  r a d i o  range i s  some- - 115 
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what less t h a n  t h a t  of t h e  Moon; s l o p e s  o f  up t o  10-15O are p o s s i b l e .  

However, i t  is  n o t  only t h o s e  data  which have i n t e r e s t e d  a s t r o -  
nomers. The q u e s t i o n  has a r i s e n :  i s  i t  n o t  p o s s i b l e  t c  ~ i se  r a d i o  
astronomy t o  p e n e t r a t e  t h e  cloud cover ing  and t o  de te rmine  t h e  s u r -  
f a c e  tempera ture  o f  t h e  p l a n e t ?  

During meaeurements o f  the  b r i g h t n e s s  tempera ture  o f  Venus 
du r ing  i t s  d i f f e r e n t  phases i n  t h e  r e g i o n  of  t he  i n f e r i o r  confunct ion,  
i t  has been Showri expe r imen ta l ly  t ha t  t h e  r o t a t i o n a l  d i r e c t i o n  of  
Venus i s  t h e  oppos i t e  of  t h a t  o f  o t h e r  planets .  I n  t h e  c a s e  o f  
pos igrade  ( i . e . ,  .in t he  same d i r e c t i o n  as the  o r b i t a l  motion) r o t a -  
t i o n  o f  Venus the morning s ide of  t h e  p l a n e t  i s  r o t a t e d , i n  t h e  

case  of e a s t e r n  elongations,t loward t h e  E a r t h ,  and i n  t h e  case  of  
western e l o n g a t i o n s  - the  evening  s i d e .  Taking i n t o  account  t h e  
thermal i n e r t i a  o f  t h e  p l a n P t ' s  s u r f a c e ,  i t  may be expected tha t  
w i t h  e a s t e r n  e l o n g a t i o n s  t h e  dark p o r t i o n  of t h e  d i s c  has cooled 
o f f  and t h e  i l l u m i n a t e d  s ide  has no t  completely heated up.  On 
the  o t h e r  hand, w i t h  western.  e l o n g a t i o n s ,  t h e  dark  p o r t i o n  of t h e  

p l a n e t  has n o t  been able  t o  coo l  y e t ,  and t h e  i l l u m i n a t e d  s i d e  has 

been heated. Consequently, t h e  b r i g h t n e s s  tempera ture  averaged o v e r  
t h e  v i s i b l e  d i s c  of  t h e  p l a n e t ,  f o r  i d e n t i c a l  areas of t h e  i l l u -  
minated p o r t i o n  o f  t h e  d i s c ,  i s  found t o  be lower f o r  e a s t e r n  elon-  
g a t i o n s  than  i t  is  f o r  western e l o n g a t i o n s .  As a r e s u l t  o f  t h i s ,  
t h e r e  must be a displacement  o f  t h e  moment a t  which t h e  b r i g h t n e s s  
temperature normally o:curs toward the  e a s t e r n  e l o n g a t i o n s ,  i . e . ,  
b e f o r e  t h e  i n f e r i o r  conjunct ion .  I n  t h e  case  of t h e  o p p o s i t e  
d i r e c t i o n  of r o t a t i o n ,  t h e  b r i g h t n e s s  tempera ture  minimum must b e  

expected a f t e r  t h e  i n f e r i o r  con junc t ion .  

The exper imenta l  da ta  ob ta ined  show t h a t  there  i s  a d i s p l a c e -  
ment o f  t h e  b r i g h t n e s s  tempera ture  minimum toward t h e  westerr, 
e l o n g a t i o n s ,  which a l s o  co r robora t e s  t h e  r e t r o g r a d e  d i r e c t i o n  of 
r o t  a t i o n .  
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Measurements of  t h e  r a d i o  emissioi ,  of Venus a t  t h e  3 cm 
wavelength performed i n  1966 showed tha t  t h e  b r i g h t n e s s  tempera- 
t u r e  e q u a l s  approximately 570 K or +30C°C! S c i e n t i s t s  d i d  no t  
expec t  t h i s  tempera ture  and t h e r e f o r e  t h e y  decided t o  check t h e  
r e s u l t s  o f  t h e  experiment .  Again and a g a i n ,  a t  d i f f e r e n t  obser-  
v a t o r i e s  i n  the  S o v i e t  Union and i n  t he  United S t a t e s  measurements 
were performed of  t h e  b r i g h t n e s s  of t h e  r a d i o  t empera tu res  o f  Venus 
at  d i f f e r e n t  phases and a t  d i f f e r e n t  wavelengths .  The r e s u l t s  
ob ta ined  were very unexpected: a t  t h e  s h o r t e s t  millimeter wave- 
lengthz  (from 3 t o  10 mill imeters) t h e  b r i g h t n e s s  tempera ture  
s h a r p l y  i n c r e a s e s  from 300 K o r  +30°C t o  410 K t o  +14OoC ( s c a t t e r  
of - 60O); a t  c e n t i m e t e r  wavelengths t h e  tempera ture  of  Venus i n -  
c r e a s e s  from 420 K o r  +150°C ( f o r  1 c e n t i m e t e r  Wavelengths) t o  
570 K o r  +3OO0C ( f o r  4 cen t ime te r  Wavelengths).  Then i t  d e c r e a s e s  
somewhat t o  540 K or +27OoC ( f o r  10 cen t ime te r  wavelength) ,  chang- 
i n g  w i t h  phase by 40 - 70° to each si.3e. A t  t h e  longe r  dec ime te r  
wavelengths t h e  tempera ture  s l o w l y  drops approximately t o  52OK 
or +250° C. 

+ 

It was imposs ib le  t o  e x p l a i n  t h i s  range  of  tempera tures  by 

random o b s e r v a t i o n a l  e r r o r s ,  s i n c e  the  tempera ture  was determined 
independent ly  by t e n s  o f  r e s e a r c h e r s  a t  d i f f e r e n t  l o c a t i o n s  and 
w i t h  d i f f e r e n t  r a d i o  t e l e s c o p e s .  It must a l s o  be no ted  t h a t  i n  
each experiment there  were hundreds of  i n d i v i d u a l  measurements 
a d  the  r e s u l t s  ob ta ined  were very similar.  

However, t h e  s u r f a c e  of Venus must have a c e r t a i n  temperature, 116 - 
which does depend on t h e  ins t rument  used f o r  t h e  measurements, o r  
t h e  measurement l o c a t i o n ,  n o r  on t h e  wavelength a t  which t h e  expe r i -  
ment was conducted. These s t a t emen t s  are  v a l i d  only i f  we measLire 
t h e  thermal r a d i o  emis s ions ,  i . e . ,  t h e  emiss ion  of  a hea ted  body 
e m i t t i n g  i n f r a r e d  rays and radiowaves.  However, i t  may n o t  be t h e r -  
mal r a d i o  emiss ion ,  bu t  emission connected w i t h  e l ec t romagne t i c  
p rocesses  - f o r  example, a tmospheric  n o i s e  a r i s i n g  d u r i n g  thunde r  
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storms and o the r s .  What i s  t h e  cause f o r  t h i s  tempera tpre  s c a t t e r  
on Venus, and what p rocess  can e x p l a i n  such large va lues?  

To understand these Dhenomena, three hypotheses  were examined 
a t  the  same time. The greenhouse hypo thes i s  of K .  Sagan i s  t h e  
mostly widely he ld  hypothes is .  Sagan assumes t h a t  t h e  s u r f a c e  
of  Venus a c u t a l l y  has a tempera ture  of 570 - 620 K (+ 300 - + 3 5 O o C )  
and from i t s  incandescent  s u r f a c e  cen t ime te r  r a d i o  waves l eave  f o r  
t he  Earth,  no t  undergoing abso rp t ion  e i t h e r  i n  t h e  atmosphere o r  
i n  t h e  cloud l a y e r  of the  p l a n e t .  Mil l imeter  waves are absorbed by 

water vapors  conta ined  i n  t h e  atmosphere of Venus, and t h e y  are no t  
emitted by t h e  s u r f a c e  of  t h e  p l a n e t ,  bu t  by a c e r t a i n  cloud layer 
which i s  r e l a t i v e l y  t r a n s p a r e n t ,  i n  i t s  atmosphere. 

However, what p rocesses  produced and maintained t h e  h igh  temp- 
e r a t u r e  of  t h e  p l a n e t ?  

The greenhouse hypo thes i s  g i v e s  t h e  fo l lwoing  exp lana t ion .  
Venus r e p r e s e n t s  a g i g a n t i c  greenhouse.  The v i s i b l e  p o r t i o n  of  
t he  spectrum of  so la r  r a y s ,  m a k h g  t h e  b a s i c  energy c o n t r i b u t i o n ,  
overcomes t h e  cloud layer  o f  t h e  p l a n e t .  It l o s e s  b y  r e f l e c t i o n  
about  76% of i t s  energy and ,  undergoing repeated s c a t t e r i n g s  by 
cloud p a r t i c l e s  and molecules of a tmospheric  gasses, on t h e  way 
t o  the  p l a n e t ' s  s u r f a c e ,  i t  heats t h e  atmosphere and t h e  s u r f a c e  
of Venus. The heated s u r f z c e  of t h e  p l a n e t  must g ive  o f f  i t s  hea t ,  
otherwise the  s u r f a c e  tempera ture  w i l l  i n c r e a s e  i n f i n l t e l y .  The 
s u r f a c e ,  heated up t o  s e v e r a l  hundreds of  degrees, g ives  o f f  heat  
i n t o  space p r i m a r i l y  i n  t h e  form of i n f r a r e d  r a d i a t i o n .  However, 
on i t s  p a t h  i n  t h e  atmosphere t h i s  r a d i a t i o n  encounters  carbon 
monoxide and water vapors ,  which abso rb  a large p o r t i o n  of  t h e  ra- 
d i a t i o n  and a l s o  heat t h e  atmospheric  l a y e r  under t h e  clouds anu 
the  su r face .  T h i s  h e a t i n g  process  cont inues  u n t i l  thermodynamic 
e q u i l i b r i u n  occurs .  
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Under these cond i t ions ,  the greenhouse model of t h e  atmosphere 
of  Venus, c o n s i s t i n g  bas i ca l ly  of carbon d iox ide ,  has  the  fo l lowing  
form. On t h e  s u r f a c e  of t h e  p l a n e t  t h e  tempera ture  is 570-620 K 
(+ 300 - t 350 C ) ,  t h e  p r e s s u r e  is 2-5 kG/cm . A s  t he  d is tance  
from t h e  s u r f a c e  i n c r e a s e s ,  t h e  tempzra ture  dec reases  accord ing  t o  
an ad iaba t ic  law, and it equa l s  230 - 270 K (- 40 - OOC) a t  the  

cloud boundary a t  an a l t i t u d e  of about 36 km, a t  a p r e s s u r e  of 
C.4 - 0 . 1  kG/cm . 

2 

2 

The clouds b a s i c a l l y  c o n s i s t  of water vapors and i c e  c r y s t a l s ,  
and p o s s i b l y  of  carbon d i o x i d e  c r y s t a l s .  

Up t o  t h e  h e i g h t  of  t h e  ec l ip se  l e v e l  ( t h e  beginning of t h e  

nont ransparent  l aye r  o f  t h e  atmosphere of Venus, which i s  l o c a t e d  
a t  ah a l t i t u d e  of  110 k, according t o  Sagan) t h e  tempera ture  grp- 

d i e n t  e u a l s  OOC. The p r e s s u r e  a t  t h i s  a l t i t u d e  changes i t s  v a l u e  
2 10- kG/cm . The e c l i p s e  l e v e l  i s  c h a r a c t e r i z e d  by t h e  f a c t  
t h a t  here there  i s  a t h i n  l aye r  o f  c louds  p r i m a r i l y  c o n s i s t i n g  of 
( C 3 0 2 )  and absorbing t h e  u l t r a v i o l e t  components of s o l a r  r a d i a t i o n .  

% 2 

- /l7 

There is  one important  c o n t r a d i c t i o n  t o  t h e  greenhouse hypo thes i s :  
t o  exp la in  t h e  thermodynamic equ i l ib r ium which occurs  a t  a temper- 
a t u r e  o f  570-620 K (+ 30O-+35O0C), and 5 p r e s s u r e  of 2-5 kG/cm , 
f o r  an atmosphere con ta in ing  carbon d i o x i d e  i t  i s  necessary  t o  have 
i n  t h e  atr sphere  of Venus up t o  3% water vapor out  of t h e  t o t a l  
composition of t h e  atmosphere. And there  i s  no sdch  amount of  
water vapor  i n  t h e  atmosphere of  Venus. 

2 

Another hypothes is  - t h e  eo losphe re  - was advanced by E .  Epic.  
According t o  t h i s  hypo thes i s ,  t h e  s u r f a c e  of  Venus is h e a t e d  up t o  
570-620K (+300-t35G°C), but t h e  cause o f  t h i s  i s  not  so l a r  r a d i a -  
t i o n ,  but  wind, 8 very sti*ong wind, which ra i ses  a cloud of  
dus t  and heats t h e  p l a n e t ' s  sur face  due t o  f r i c t i o n  of t h e  dus t  
and gas p a r t i c l e s .  The zone of s t r o n g  winds on Venus, which E p i c  
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has cal led t h e  eo losphere ,  u s ing  t h e  name of  the  god of wind,Eola - 
extends from t h e  s u r f a c e  of t h e  p l a n e t  up t o  t he  cloud layer .  
S o l a r  r a d i a t i o n  i s  absorbed by t h e  d u s t  and gene ra l ly  does not  
reach  the su r face .  According t o  t h i s  model, Venus i s  always da rk ,  

h o t ,  dusty ar,d windy. Epic  confirmed h i s  hypothes is  by mathema- 
t i c a l  c a l c u l a t i o n s ,  on t h e  basis of which i t  was e s t a b l i s h e d  t h a t  
2% of  t he  solar energy f a l l i n g  on Venus is s u f f i c i e n t  t o  supply 
the  necessary energy f o r  t he  winds on Venus. The energy source  
which main ta ins  t h e  hu-ricane winds i s  the  zone of t h e  cloud l a y e r  
and t h e  t roposphere  l y i n g  above I t .  Here t h e  s o l a r  energy i s  ab- 
sorbed and powerful atmospheric c i r c u l a t i o n  occars , pnoducing t h e  
winds o f  t h e  eo losphere  l a y e r  f i l l e d  wi th  f i n e l y  dispersed ( b r i g h t l y  
co lored)  dus t  - f o r  example, carbonate  o f  calcium, magnesium, o r  
s i l i c a t e s  . 

The atmospheric model of  Epic  i s  as fo l lows:  t h e  chemical 
composition of t h e  a t sosphe re  i s  a mixture  o f  n i t r o g e n  and cerbon 
monoxide; the  temperature  on t h e  s u r f a c e ,  as was a l r eady  m t e d ,  
i s  570-620K (+30O-+35O0C); the  p r s s s u r e  - 4 kG/cm . The tery,er- 
a t u r e  g r a d i e n t  ( i n  terms o f  a l t i t u d e  ) equa l s  approximately 1 0  deg/m, 
and at the  boundary of t he  uaper  l a y e r  of  dense clouds (H 22 km) 
the tempera4ure equa l s  350-400 K (+80 -+13ooC) ,  and t h e  p r e s s u r e  - 
% o * 6  kG/cm . Above, a t  an a l t i t u d e  of  H = 35 km, there  i s  a t h i n  
cloud layer  which i s  t r a n s p a r e n t  t o  u l t r a v i o l e t  r a y s ,  where t h e  
temperature  i s  234 K (-36OC), and t h e  p r e s s u r e  i s  0.08 kG/cm2. 
Above t h i s  l a y e r ,  t h e  temperature  g rad ien t  up t o  t h e  e c l i p s e  l e v e l  
equals  Oo/m. A t  t h i s  a l t i t u d e  Epic assumes t h a t  t h e  p r e s s u r e  
must equal  2 kG/cm . The chemical composition of  t h e  a t -  
mosphere, t h e  temperatui-e regime, t h e  boundary of t h e  c louds and 
t h e  composition o f  t h e  clouds are nssumed t o  be t h e  same as i n  
t h e  greenhouse model. However, t Ae eolosphere hypothes is  has: not 
found suppor t e r s .  There are tou  many assumptions which dre not 
c l e a r  and which have no t  been expla ined  ( what I s  t h e  n a t u r e  of 
t he  c i r c u l a t i o n  which i s  t h e  source  of  t h e  p l a n e t ' s  suyface h e a t i n g ,  

2 
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how does t h i s  model e x p l a i n  the presence  of v e r t i c a l  a i r  c u r r e n t s  
i n  the  eo losphere  wi th  powerful h o r i z o n t a l  c i r c u l a t i o n ,  which m u s t  
occur  between t h e  day and n i g h t  sides of t h e  p l a n e t ,  etc.) .  The 
observa t ions  o f  Sov ie t  and American radioastronomers  who have es- 
tablished t h e  dependence of the b r i g h t n e s s  temperature  of Venus 
on i t s  phase ( i -e . ,  on t h e  t i m e  of a Venus day)  have r e f u t e d  the  

eolosphere model. 

Let us examine the  t h i r d  hypothes is  - t h e  ionosphere model /18 
of the atmosphere which f o r  a long t i m e  competed w i t h  the green- 
house model. According t o  t h i s  model, proposed by D. Johnson i n  
1961, t h e  atmosphere o f  Venus a t  a g r e a t  a l t i t u d e  has a powerful 
e l e c t r o a c t i v s  medium - t h e  ionosphere,  w i t h  a t h i c k n e s s  o f  up t o  
109 km. T h i s  ionosphere i s  the  source of the high temperature  emis- 
s i o n  600 K (+330°C) i n  the  cent imeter  and decimeter  wavelength 
ranges. The mechanism re spons ib l e  f o r  t h e  emission o f  radiowaves i n  
t h i s  case is  free-free t r a n s i t i o n s  of e l e c t r o n s  i n  the f i e l d  of i ons .  
T h i s  medium has an i n t e r e s t i n g  prwperty:  it is  o p t i c a l l y  t h i n  - 
t r anspa ren t  - f o r  millimeter waves and o p t i c a l l y  thi-ck - n o t  t r a n s -  
pnrent f o r  the  longer  waves. The b r i g h t n e s s  temperatui- o f  350- 
400K (280 - + 130°C)observed at the  mill imeter waves i s  caused by 

the su r face  of the  p l a n e t .  

It must be  added that t h e  p r e s s u r e  on t h e  s u r f a c e ,  accord ing  
t o  t h e  c a l c u l a t i o n s  of Johnson, must be 0.3 - 1 kG/cm . I n  addi- 
t i o n ,  up t o  t h e  cloud l a y e r  which i s  at an a l t i t u d e  of H 5 1 7  km 
and reflects u l t r a v i o l e t  and i n f r a r e d  (8 - 13 km) r a d i a t i o n ,  t h e  

temperature drops to220K (-5OoC), and the p r e s s u r e  - t o  0.04 - 0 . 1  
kG/cm . Above the cloud layer up t o  t h e  e c l i p s e  l e v e l  ( which, 
according t o  Johnson, is located a t  H 2 80 km) there i s  a t r a n s -  
parent  r eg ion  where the  tempera ture  g r a d i e n t  equa l s  C) deg/m. The 
p r e s s u r e  i s  2 kG/cm2 a t  t h e  boundary o f  t h e  ecl inse l e v e l .  
According t o  t h i s  hypo thes i s  t h e  t h i c k n e s s  of t h e  atnoh. ..here of 
Yenus IS about 200 km, and it c o n s i s t s  only of  cfi..~on I anoxide,  

2 

2 
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t5e products  of Its d i s s o c i a t i o n ,  and a l s o  of ions .  

Tiie c a l c u l a t i o n s  have shown t h a t  t o  provide  a tempera ture  of 
+33OoC, t h e  ionosphere o f  Venus must have an electrcrn concen t r a t ion  
of l o9  ~ m - ~ ,  whereas on the Ea r th  i n  t h e  ionosphere t h e  e l e c t r o n  

6 concen t r a t ion  is 10 and the e l e c t r o n  concen t r a t ion  must be 

o f  the same o r d e r  of magnitude on Venus. 

Many attempts have been made t o  e x p l a i n  the presence  of the  

- s o l a r  co rpuscu la r  r a d i a t i o n  which is a powerful sou rce  of 
i o n i z a t i o n  ; 

- t h e  presence  i n  the  atmosphere o f  a large number of molecular  
i o n s  of molecules l o s i n g  one e l e c t r o n ;  

- semi t ransparent  ionosphere w i t h  a high e l e c t r o n  temperature 
(5270 K ,  abwt +50OO0C) i n  the reg ion  of the maximum 
electi-er, c m c e n t r a t i o n  and w i t h  a c o l d e r  layer l o c a t e d  
ab ove ; 

wi th  a high e l e c t r o n  concen t r a t ion  - ionosphere clouds.  

high e l e k t r o n  concen t r a t ion  of t h e  ionosphere  on Venus by: 

- a porous ( p e r f o r a t e d )  ionosphere having i n d i v i d u a l  regions 

However, a l l  of these attempts u s i n g  experiments and ca l cu la -  
t i o n s  were unsuccess fu l ,  and t h e  ionosphere model o f  the  atmosphere 
of Venus, j u s t  l i k e  t h e  eo losphe re  model, has died.  

What can e x p l a i n  t h e  d i f f e r e n c e s  i n  t h e  tempera ture  r eco rd ings  
on t h e  s u r f a c e  of Venus, and what i s  the  aggrega te  s ta te  of t he  
s u r f a c e ,  from what medium are the  r a d i o  waves r e f l e c t e d ?  

I n  1964 the  Sov ie t  s c i e n t i s t  A.D. Kuz'min t o g e t h e r  w i t h  t h e  

American s c i e n t i s t  B a r r y  Clark observed Venus us ing  a movable r a d i o  
i n t e r f e r o m e t e r ,  c o n s i s t i n g  of two 27-meter pa rabo lo ids  (The Owens 

of VenLis was measured: 6057 km (be fo re  t h i s ,  astronomers had mea- 
Vallc;. Observatory,  C a l i f o r n i a ) .  The r a d i u s  of t h e  s o l i d  sphere - 119 
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s u r d  only the r a d i u s  of t h e  cloud l a y e r ) .  
t he  average a l t i t u d e  of the  c louds  - from 40 t o  60 h above the 
s u r f a c e  of  t h e  p l a n e t ,  which facil i tated t h e  subsequent c a l c u l a t i o n s  
of t he  Venus atmospheric m o d e l .  

Thus they  determined 

Measurements o f  t h e  Venus r a d i o  emission p o l a r i z a t i o n  shciwed 

t h a t  i t s  source  is a s o l i d  s u r f a c e ,  and not  the  atmosphere nc- 
c louds,  s i n c e  only a smooth s o l i d  s u r f a c e  can produce emissiori 
which i s  p a r t i a l l y  p o l a r i z e d  a t  the  edges of t h e  p l a n e t  disc.  

Consequently, t h e  surface of  Venus is  incandescent .  But is  
i ts  temperatwe t h e  same everywhere? Observat ions showed that  the 

h o t t e s t  p o i n t  is where t h e  Sun i s  at t h e  z e n i t h ;  here t h e  s u r f a c e  
i s  heated up t o  +480°C. A s  

would be expected,  t he  c o l d e s t  p o i n t s  o f  t h e  p l a n e t  were i t s  p o l e s ,  
having a tempera ture  o f  about +25OoC. 

A t  t he  oppos i t e  po in t  - up t o  +36OoC. 

The d i e l e c t r i c  cons t an t  of  Venus w a s  determined by 
measuring the d i f f e r e n t i a l  p o l a r i z a t i o n  of r a d i o  emission.  It 
was found t o  equa l  2.5% - much lower than  i n  terrestrial  sand (3.5%), 
wax (5x1, and much lower t h a n  i n  water (80%). It was established 

as a r e s u l t  of these measurements t h a t  t h e  o u t e r  l a y e r  of Venus i s  
porous,  and t h a t  :here cannot be great accumulat lsns  of  water o r  
any o t h e r  l i q u i d  there. 

The d i e l e c t r i c  cons t an t  of t he  s u r f a c e  cover ing  of Venus was 
determined by the  r a d i o  wave r e f l e c t i o n  c o e f f i c i e n t .  For waves 
of 10 and 70 cm it was found t o  equa l  3.7 - 5 % ,  and f o r  waves of 
3 cm - 1% i n s t e a d  of 10%. 

The S o v i e t  radioastronomer G.M. S t r e l k o v ,  ana lyz ing  the  data 
from rad ioas t r cc3mica l  obse rva t ions ,  advanced h i s  own t h e o r y ,  which 
e x p l a i n s  t h e  d i v e r s i t y  of tempera tures  on t h e  s u r f a c e  of Venus and 
t h e  formation of t h e  greenhouse e f f e c t  i n  i t s  atmosphere. According 
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t o  t h i s  theory, t he  s u r f a c e  o f  Venus c o n s i s t s  of  an e x t e r n a l ,  very  
porous l a y e r ,  l o c a t e d  on a so l id  rock base. The t h i c k n e s s  o f  t h e  
porous l a y e r  is  s e v e r a l  cen t imeters .  Radio waves 3 c m  l o n g  me 
r e f l e c t e d  fPom t h i s  l a y e r .  The longer  waves are r e f l e c t e d  *om 
t h e  dense base - t he  foundation,which i s  c h a r a c t e r i z e d  by t h e  di-  
e l e c t r i c  cons tan t  both f o r  dense sands and even for  c e r t a i n  rocks. 
When w e  r e c e i v e  t h e  e igen  emissfon o f  Venus, p a r t  of t h e  emission 
of the foundat ion  is reflected from t h e  boundary and does no t  
reaoh us.  Therefore ,  accord ing  t o  p o l a r i z a t i o n  obse rva t ions ,  t h e  

d i e l e c t r i c  cons t an t  i s  t o o  low. The drop" o f  tempera tures  i n  
dec imeter  waves is a p p a r e n t l y  caused by the  f a c t  that the waves 
r each  u s  from a great depth ,  i.e. from t h e  foundat ion ,  and they  
are a l s o  reflected t w i c e  d u r i n g  the passage through t h e  boundary 
of  two media. 

To e x p l a i n  the  formation of t he  greenhouse e f f e c t ,  G.M. S t r e l k o v  
started w i t h  ( s i m p l i f i e d  f o r  the  d i s c u s s i o n )  a "gray" - i.e., ab- 

so rb ing  a l l  waves i d e n t i c a l l y  - atmosphere of Venus, and assumed 
t h a t  t h i s  effect was caused by t h e  s e l e c t i v e  capac i ty  of water 
vapor t o  absorb r a d i a t i o n  only i n  a c e r t a i n  wavelength range.  If 
t h i s  p r o p e r t y  of water vapor i s  taken  i n t o  account ,  t h e n  t h e  nec- 
essary greenhouse e f f e c t  must be  reached ,  accord ing  t o  t h i s  theo ry ,  

s u r f a c e  p r e s s u r e  of 10  kG/cm . The layer of p r e c i p i t a t e d  water i n  
t h i s  case  is  about 9 g/cm which a g r e e s  w i t h  t h e  de t e rmina t ions  
of t h e  amount of water vapor above t h e  clouds.  

w i t h  a carbon d iox ide  con ten t  o f  5%, water vapor  - 0.07%, and a - /2 0 
2 

2 

These i n v e s t i g a t i o n s  greatly s t r eng then  t h e  p o s i t i o n  of t h e  

greenhouse hypothes is  of the atmospheric model of Venus. 

Recent ly ,  a long w i t h  t h e  greenhouse model, more a t t e n t i o n  is 
begin given by s c i e n t i s t s  t o  t he  c i r c u l a t i o n  hypothes is  of Richard- 
son-Gudy. T h i s  hypothes is  assumes t h e  mechanical tra.?sfer of heat 
from the  e q u a t o r i a l  zone t o  t h e  p o l e s  due  t o  tempera ture  d i f f e r e n c e s  
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i n  t h e s e  r eg ions .  

The a i r  rises above the  t r o p i c s  t o  the p o l e s ,  descends below, 
and r e t u r n s  t o  the  t r o p i c s  n e a r  t h e  s u r f a c e .  

Great t ransparency  of t he  atmosphere is  t h u s  assumed i n  t he  
i n f r a r e d  r a d i a t i o n  reg ion .  

Ca lcu la t ions  have shown t h a t  t h e  atmospheric  motion connected 
w i t h  t h i s  convect ion may reach 30 m/sec i n  t h e  upper boundary 
l a y e r s .  Thus the  h o r i z o n t a l  t empera ture  d i f f e r e n c e s  w i l l  r a p i d l y  
be e l imina ted  ( which i s  confirmed by r e s u l t s  o f  r a d i o  i n t e r f e r o -  
metry measurements ). I n  a d d i t i o n ,  t h e  streams, a l though moving 
very s lowly,  may be adiabatic and produce an adiabatic tempera ture  
g r a d i e n t  without  an inf low of  s o l a r  r a d i a t i o n .  

It is  p o s s i b l e  that  subsequent experiments may show t h a t  ex- 
t e n s i v e  c i r c u l a t i o n  of  t h i s  k ind  w i l l  e x p l a i n  t h e  high tempera tures  
on Venus. 

As may be seen,  there are no weak p o i n t s  i n  t he  hypotheses ,  
and s c i e n t i s t s  have c o r r e c t l y  c a l l e d ,  and are c a l l i n g ,  Venus t he  
myster ious p l a n e t .  
of p l ane ta ry  astronomy - r a d i o  t e l e s c o p e s  and radar, us ing  sens i -  
t i v e  quantw. a c c e l e r a t o r s  and g i g a n t i c  an tennas ,  o p t i c a l  t e l e s c o p e s  
w i t h  i n f r a r e d  r e c e i v e r s  and p resen t  day s p e c t r a l  equipment - have 
been directed toward ob ta in ing  new informat ion  about t h e  p h y s i c a l  
c h a r a c t e r i s t i c s  of t h e  p l a n e t ,  t h e  i n t e r p r e t a t i o n  o f  the da ta  
obta ined  has not  been unequivocable.  

I n  ‘ s p i t e  of  t h e  fact  t h a t  t h e  great technology 

S t u d i e s  of t h e  t r u e  p h y s i c a l  cond i t ions  on Venus, which d i f f e r  
greatly from those  on the  Ear th ,  are of  great s c i e n t i f i c  in terest .  
These problems may only be so lved  by means of i n t e r p l a n e t a r y  s t a t i o n s  
going t o  t h e  p l a n e t ,  f l y i n g  a c lose  d i s t a n c e  t o  i t ,  o r  descending 

d i r e c t l y  i n t o  t h e  atmosphere and landing  on i t s  s u r f a c e .  
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THE PATH TO VENUS 

Thousands of  p a t h s  lead t o  e r r o r ;  only t v  leads t o  
the t r u t h .  

J ean  Jacques Rousseau 

On 4 Octobey 1957 a Sov ie t  man took  the first and n o s t  impor- 
t a n t  s t e p  on t h e  pbth  toward overcoming E a r t h ' s  g r a v i t y  - the  
first a r t i f i c i a l  E a r t h  sa te l l i t e  w a s  launched on to  a c i rcumter res -  
t r i a l  o rb i t .  The era o f  space i n v e s t i g a t i o n s  of  t h e  un ive r se  had 

begun, p r e d i c t e d  by the  founder of  t h e  j e t  engine school  - t h e  
g r e a t  Russian s c i e n t i s t  Konstant in  Eduardovich Tsio1kovski:-. 

S c i e n t i s t s  had i n  the i r  hands a new ins t rument  which t h e y  
could use t o  perform d i r e c t  s t u d i e s  i n  space.  

The idea of  c r e a t i n g  a mul t i - s tage  r o c k e t - c a r r i e r  which could  
p l a c e  on space t r a j e c t o r i e s  equipment f o r  i n v e s t i g a t i n g  space ,  
the Moon, and the  p l a n e t s ,  a l s o  belongs t o  Tsiolkovskiy.  This 
idea was embodied i n  the  metal c o n s t r u c t i o n  c o l l e c t i v e ,  headed by 
Tsiolkovskiy and h i s  fo l lowers ,  academician S.P. Korolev, i n  cooper- 
a t i o n  wi th  many o t h e r  i n s t i t u t e s ,  o r g a n i z a t i o n s ,  and f a c t o r i e s .  

The development of t h e  r o c k e t - c a r r i e r  w a s  a long  p roczss  - 
from the drawing board o f  the d e s i g n e r  t o  t h e  f a c t o r y  f o r  f i n a l  
assembly a t  the  proving  ground. 

The 3-stage rocke t  ( i t  may be seen at  t h e  Expos i t ion  of Achieve- 
ments of t h e  Nat iona l  Economy i n  Moscow) had a t o t a l  l eng th  o f  38 
meters, and t h e  diameter of t h e  base ( w i t h  r e s p e c t  t o  t h e  s t a b i l i -  
zers) equals 10 .3  meters. The f i r s t  and second stages of t h e  rocke t  
cons i s t ed  of a c e n t r a l  and f a r  hanging s i d e  rocke t  u n i t s .  
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The l e n g t h  of  the c e n t r a l  u n i t  was 28 meters; the  maximum 
diameter was 2.95 meters. Each of t h e  f o u r  side u n i t s  had a 
l e n g t h  of  19 meters w i t h  a diameter of  3 meters. 

The l e n g t h  of the t h i r d  stage t o g e t h e r  w i t h  t he  forward u n i t  
and t h e  nose cone was 10 meters and the diameter was 2.58 meters. 

The power supply o f  t h e  r o c k e t  c o n s i s t e d  of 6 l i q u i d  rocke t  
engine u?its (there were 4 engines  i n  each u n i t )  which produced 8 

maximum t h r u s t  of 600 tons- force  and a t o t a l  u s e f u l  power du r ing  
the f l igh t  of' 20 m i l l i o n  horsepower. The t h i r i !  stage o f  t h e  rocke t  
provided a v e l o c i t y  which was greater than the second cosmic 
v e l o c i t y  - 11.2 km p e r  second. Reaching the  second cosmic v e l o c i t y  
opened up the p o s s i b i l i t y  o f  i n t e r p l a n e t a r y  f l i g h t  u s ing  t r a j e c -  
t o r i e s  p rev ious ly  ass igned .  Beginning i n  1959, t h i s  made it  pos- 
s ible  t o  use automatic  s t a t i o n s  t o  perform a sys t ema t i c  s tudy  of  
i n t e r p l a n e t a r y  space ,  Venus, and Mars. 
Venus and t o  perform d i r ec t  measurements, it was necessary  t o  s o l v e  
numerous complex problems. 

To perform s p a c e f l i g h t s  t o  - /22 

I n  the f irst  p l a c e ,  u s ing  the laws of c e l e s t i a l  mechanics, i t  
was necessary  t o  develop a f l i g h t  t r a j e c t o r y  and a f l i g h t  regime f o r  
t h e  s t a t i o n  so t h a t  t h e  s t a t i o n ,  overcoming t h e  Ear th ' s  a t t r a c t i o n  
and moving under t h e  i n f l u e n c e  of  t h e  Sun, could encounter  Venus 
a t  a given p o i n t  i n  space. The mutual p o s i t i o n  o f  t h e  E a r t h  and 
\-enus i n  space cont inuously changes due t o  d i f f e r e n c z s  i n  t h e i r  

pe r iods  of  r o t a t i o n  around t h e  Sun. 
a t i o n s  i s  r epea ted  every 584 days and, as was already i n d i c a t e d  
above, a t  t h e  time of t h e  i n f e r i o r  :onjunction t h e  d i s t a n c e  from 
the  Ear th  t o  Venus i s  the  smallest, and i n  t h e  s u p e r i o r  conjunct ion  
t h e  d i s t a n c e  between the E a r t h  and Venus i s  t h e  greatest .  Th i s  
has a great i n f l u e n c e  upon t h e  s e l e c t i o n  o f  t h e  f l i g h t  t r a j e c t o r y .  

However, each o f  t h e  configur-  
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I n  the second p l a c e ,  the  f l i g h t  t r a j e c t o r y  s e l e c t e d  must 
correspond t c  t h e  smallest p o s s i b l e  v e l o c i t y  of motion of t h e  

s t a t i o n  a t  the  end of t he  powered phase of  t he  f l i g h t  - w i t h  the 
e x i s t i n g  powers of t h e  r o c k e t - c a r r i e r  engines ,  t h i s  makes it pos- 
s ible  t o  d i r e c t  t h e  space f l i g h t  of a s t a t i o n  wi th  t he  greatest 
u s e f u l  load. 

I n  the t h i r d  p l a c e ,  the  f l i g h t  time must be t h e  smallest 
p o s s i b l e ,  s i n c e  as the  f l i g h t  d u r a t i o n  i n c r e a s e s  t h e  danger i n c r e a s e s  
of the  s t a t i o n  c o l l i d i n g  w i t h  micrometeors,  as w e l l  as t h e  probab- 
i l i t y  of a- f a i l u r e  i n  the equipment under t h e  i n f l u e n c e  o f  f a c t o r s  
i n  space.  

I n  the f o u r t h  p l a c e ,  t h e  i n i t i a l  parameters of t h e  i n t e r p l a n e -  
t a r y  t r a j e c t o r y  must be s t r i c t l y  maintained,  s i n c e  e r r o r s  i n  t he  
v e l o c i t y  o f  s e v e r a l  meters p e r  second or i n  t h e  o r i e n t a t i o n  o f  the 
s t a t i o n  by s e v e r a l  degrees  could make i t  impossible  t o  encounter  
Venus. 

I n  the  f i f t h  p l a c e ,  t o  provide  reliable r a d i o  communications 
du r ing  t h e  encounter  of t he  s t a t i o n  wi th  Venus, it is  desirable 
tha t  Venus be as c l o s e  as p o s s i b l e  t o  the  Earth.  

I n  t he  s i x t h  p l a c e ,  the  t r a j e c t o r y  s e l e c t e d  must p rov ide  t he  
smallest poLsible  a r r i v a l  v e l o c i t y  i n  t he  atmosphere of Venus, 
s i n c e  t h u s  t h e  over loads  and the  h e a t i n g  a c t i n g  upon t h e  descent  
capsule  a?e reduced, making it p o s s i b l e  t o  reduce t h e  mass of  t he  

descent  capsule  and i t s  thermal i n s u l a t i o n .  

S ince  it is  impossible  t o  s e l e c t  a t r a j e c t o r y  which s a t i s f i e s  
a l l  of these requipements at  t h e  same time, the  problem c o n s i s t s  o f  
s e l e c t i n g  the most f avorab le  i n t e r p l a n e t a r y  t r a j e c t o r i e s .  
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Let us  t r y  t o  select  a t r a j e c t o r y  which cor resonds  t o  a f l i g h t  
t o  Venus along t h e  s h o r t e s t  path. 

Such a f l i g h t  may be devised,  i f  t he  s t a t i o n  tlfallslt toward 
t h e  Sun i n  a s t ra ight  l i n e ,  i .e . ,  when Venus i s  a t  t h e  i n f e r i o r  
conjunct ion  a t  t h e  time of  t h e  encounter .  

With such a t r a j e c t o r y ,  t h e  f l i g h t  w i l l  l a s t  about  25 days,  
and t h e  p a t h  t r a v e r s e d  w i l l  be a l i t t l e  b i t  more than  42 m i l l i o n  
k i lometers .  

I n  o r d e r  tha t  the  s t a t i o n  "fal l"  toward the Sun, i t s  o r b i t a l  
v e l o c i t y  w i t h  r e s p e c t  t o  the  Sun a f te r  t h e  launch must be equal  t o  
zero.  For t h i s  purpose,  the  s t a t i o n  must have a v e l o c i t y  of 29.76 
km per second ( h e l i o c e n t r i c  v e l o c i t y  of  t he  E a r t h )  and i t  must move 
i n  a d i r e c t i o n  oppos i t e  t o  t h e  motion of  t h e  Earth i n  i t s  o r b i t  
around the  Sun. 

t i o n  must be 31.8 km p e r  second i n  o r d e r  t o  "fal l"  toward t h e  Sun. 
A t  t h e  p r e s e n t  s t a g e  of  t echno log ica l  development, these v e l o c i t i e s  
cannot be produced; t h u s ,  l eav ing  t h e  s o l a r  sys tem i s  s imple r  t han  
vr fa l l lng ' '  towards t h e  Sun. 

I n  a d d i t i o n ,  it i s  necessary  t o  overcome the  E a r t h ' s  J23 - $ 
a t t r a c t i o n .  A s  c a l c u l a t i o n s  have shown, t he  v e l o c i t y  of t h e  sta- . 1 .. 

There i s  a t i l l  one g r e a t  drawback connected w i t h  a f l i g h t  t o  
Venus along t h e  s h o r t e s t  t r a j e c t o r y  - a t  t h e  moment the  s t a t i o n  
encounters  the p l a n e t  the  r a d i o  emission of  t h e  Sun w i l l  'tclog" 
the  s i g n a l s  from t h e  s t a t i o n ,  s i n c e  Venus w i l l  b e  i n  t h e  i n f e r i o r  
conJunct ion and it w i l l  be very d i f f i c u l t  t o  t r a n s m i t  data from 
the  s t a t i o n .  

L e t  us now examine the  second f l i g h t  t r a j e c t o r y  which I s  

s u i t a b l e  i n  terms of energy. 
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(Caption page 23): 
Ear th  d u r i n g  a d i r e c t  f l i g h t  t o  Venus. 
(Lower ri h t  c a p t i o n ) :  Diagram o f  f l i g h t  t o  Venus a long  a Homan- 
ov o r b i t  7 w i t h  the  least consumption of f u e l  ). 

Diagram of  mutual p o s i t i o n  of Venus and t h e  

This t r a j e c t o r y  i s  tangent  bo th  t o  t he  i n i t i a l  and t o  the  
f i n a l  c i r c u l a r  o r b i t s  (o f  t h e  Ea r th  and Venus), and t h e  smallest 
consumption of f u e l  is  r e q u i r e d  f o r  it. However, there are s e v e r a l  
d i sadvantages  o f  a f l i g h t  a long  t h i s  t r a j e c t o r y .  

I n  t he  f irst  p l a c e ,  it i s  d i f f i c u l t  t o  launch the  s t a t i o n  o n t o  
t h e  f l i g h t  t r a j e c t o r y .  A t  the boundary of t h e  sphere of  i n f l u e n c e  
of  t h e  E a r t h ,  where the  p e r t u r b i n g  a c c e l e r a t i o n  from the  Sun i s  
equa l i zed  by the  a c c e l e r a t i o n  of t h e  Ea r th  ( t h i s  sphere has rad- 

i u s  of 900,000 km, and i t s  c e n t e r  is  the  E a r t h ) ,  t h e  v e l o c i t y  o f  
t h e  s t a t i o n  must be 2 .5  km per  second and must be directed o p p o s i t e  
t o  t h e  d i r e c t i o n  of t he  E a r t h .  Small e r r o r s  i n  t h e  d i r e c t i o n  o r  - /24  
t he  magnitude of a c c e l e r a t i o n  Pur ing  launch f o r  a long f l i g h t  (about  
6 months) may lead t o  a great m i s s  a t  the  end, s i n c e  the  s t a t i o n  
d e s c r i b e s  half of an e l ipse  moving a long  i t s  o r b i t .  

I n  a d d i t i o n ,  t h e  d i s t a n c e  between the  Earth ana Venus a t  the 
moment t he  s t a t i o n  encounters  Venus w i l l  be  about 90 m i l l i o n  km. 

Thus, c o r r e c t i n g  the  p a t h  toward Venus w i t h  t h e  smallest f u e l  
consumption may complicate  t h e  launch of t h e  s t a t i o n  on to  t h e  

f l i g h t  t r a j e c t o r y  and may extend t h e  f l i g h t  time and d i s t a n c e  between 
t h e  Ear th  and Venus a t  t he  moment of encounter .  

L e t  u s  now examine one of t he  i n t e r m e d i a t e  v a r i a t i o n s  of a 
t r a j e c t o r y  which i s  optimum f o r  a given weight of  t h e  s t a t i o n ,  t h e  
energy p o s s i b i l i t i e s  of t h e  r o c k e t ,  and the  f l i g h t  d u r a t i o n .  Tra- 
j e c t o r i e s  which are p r e s e n t l y  used f o r  t h e  f l i g h t s  of automatic  
i n t e r p l a n e t a r y  s t a t i o n s  toward Venus correspond t o  t h i s  v a r i a t i o n .  



(Caption page 24): 
i n t e r p l a n e t a r y  s t a t i o n  toward Venus. 

Optimum f l i g h t  t r a j e c t o r y  o f  an automatic  

With such t r a j e c t o r i e s ,  the f l i g h t  t i m e  of t h e  s t a t i o n  ex tends  
from 3 t o  4 months and t h e  d i s t a n c e  a t  t h e  t i m e  of encounter  between 
the  Earth and Venus i s  approximately 70 m i l l i o n  k i lome te r s .  Thus, 
the Sun does no t  d i s t u r b  r a d i o  communication. 

It  i s  t r u e  t h a t  there i s  one d isadvantage  - t h i s  i s  the  pre- 
c i s e  launch date which i s  r i g i d l y  d i c t a t e d  by as t ronomica l  times. 

The launch may be made when t h e  E a r t h  leads Venus i n  angu la r  
motion around t h e  Sun by approximately 45O. 

FIRST LAUNCHES 

The f i r s t  launch o n t o  an i n t e r p l a n e t a r y  t r a j e c t o r y  toward 
Venus was made on 12 February 1961, when the  S o v i e t  autonidbic 
s t a t i o n  Venera-1, w i t h  a mass o f  643.5 ki lograms,  was launched i n  
the  d i r e c t i o n  of  the  p l a n e t  w i t h  a heavy Earth s a t e l l i t e  onboarci. 

The b a s i c  problems of launching t h i s  s t a t i o n  were: c o r r e c t i n g  
the  methods of  launching t h e  s p a c e c r a f t  onto an i n 5 e r p l a n e t a r y  
t r a j e c t o r y ,  e s t a b l i s h i n g  t h e  ex t ra - long  r a d i o  communication l i n k s  and 
c o n t r o l l i n g  the s t a t i o n ,  d e f i n i n g  t h e  s c a l e  of t h e  s o l a r  s y s t e m  
more p r e c i s e l y  and performing s e v e r a l  p h y s i c a l  s t u d i e s .  

Communication w i t h  Venera-1 was maintained u n t i l  27 February 
1961, when t h e  d i s t a n c e  from t h e  Ear th  was 23 m i l l i o n  k i lome te r s .  /25 
However, t h i s  was a r eco rd  for long  range space communication. 

- 

The American s c i e n t i s t s  were a l s o  engaged w i t h  t h e  problems 
of i n v e s t i g a t i n g  Venus, a long  w i t h  Sov ie t  s c i e n t i s t s .  The first 
attempt by  American s c i e n t i s t s  t o  reach  Venus i n  J u l y ,  1962 w i t h  



Boundaries of 
p oss i b  l e  

Diagram showing t h e  ap j roach  o f  Venera-3 t o  t h e  p l a n e t  Venus 

t h e  s p a c e c r a f t  Mariner-1 was unsuccessfu l .  Immediately a f t e r  the  
launch, due t o  t r o u b l e  i n  the rocke t  c o n t r o l  system,the rocke t  
dev ia t ed  from i t s  planned course and was damaged. 

I n  August 1962 t h e  American s p a c e c r a f t  lar iner-2 was launched 
toward l!enus. 

The f l i g h t  of Mariner-2 was s u c c e s s f u l .  On 1 4  December 1962 
t h e  s p a c e c r a f t  passed n e a r  Venus at a d i s t a n c e  of about 35 thousand 
k i loms te r s  and t r a n s m i t t e d  the  f i rs t  s c i e n t i f i c  r e s u l t s  - d a t a  
p e r t a i n i n g  t o  the p h y s i c a l  p r o p e r t i e s  of Venus. 
t r a j e c t o r y  measurements o f  t h e  s t a t i o n  motion i n  t h e  f i e l d  o f  at- 
t r a c t i o n  of  Venus were used t o  r e f i n e  t h e  mass o f  t h e  p l a n e t  
(0.81485.of t he  E a r t h ) .  
f i e l d  of Venus i s  very weak and does not  exceed 5 gammas a t  a d i s -  
tance  of 35 thousand k i lome te r s ,  which i s  20-40 times less  than  
t h e  s t r e n g t h  of t h e  magnetic f i e l d  of t h e  Ea r th  a t  the same dis-  
tance .  The cosmic r a y  counter  d i d  not  d e t e c t  at  t h i s  d i s t a n c e  2n 
i n c r e a s e  i n  t h e  number of charged p a r t t e l e s ,  which p o i n t s  t o  t h e  
absence of r a d i a t i o n  bel ts  on Venus. I n  a d d i t i o n ,  t h e  rad iometer  
was used t o  perform measurements of t h e  r a d i o  temperature  a t  d i f -  

f e r e n t  p o i n t s  o f  t h e  p l a n e t ' s  d i s c .  These measurements concerned 

The r e s u l t s  o f  

It was established t h a t  t h e  nagne t i c  
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t h e  hypothes is  of a ho t  s u r f a c e  o f  t h e  p l a n e t .  The in fo rma t ion ,  
a l though i t  was new, d id  not  answer t h e  b a s i c  q u e s t i o n s  i n  which 
s c i e n t i s t s  were i n t e r e s t e d .  

Then November 1965 a r r i v e d .  Two s t a t i o n s  - Venera-2 and 
Venera-3 - departed a t  t h e  same time. 

The s t a t i o n  Venera-2 was launched 1 2  November 1965, and t h e  

s t a t i o n  Venera-3 - 16 November 1965. 

Each of t he  s t a t i o n s  c o n s i s t e d  of two hermet ic  compartments - 
an o r b i t a l  compartment and a spec ia l  compartment. The s p e c i a l  
compartment of Venera-3 was t h e  descent  capsule  i n  t h e  form o f  
a sphere  w i t h  a diameter of 900 millimeters. 

A pennant was p laced  i n  these descent capsules  - a m e t a l l i c  
globe of t h e  Ea r th .  Withirl t h e  g lobe  was a metal w i t h  t h e  emblem 
of our  country.  

S p e c i a l  onboard and Ear th-  based complexes of radio.  measuring 
equipment and computers were used t o  measure t h e  parameters of t h e  
s t a t i o n ' s  f l i g h t  t r a j e c t o r y  and t o  p r e d i c t  t h e i r  motion. A s  2 
r e s u l t  of t r a j e c t o r y  measurements performed a f t e r  t h e  1au.nch o f  
Venera- c on to  an i n t e r p l a n e t a r y  o r b i t ,  it was e s t ab l i shed  t h a t  t h e  - /26 
s t a t i o n  f l i g h t  t r a j e c t o r y  was c l o s e  t o  the  c a l c u l a t e d  t r a j e c t o r y ,  
and t h e r e f o r e  it was not  necessary  t o  perform a c o r r e c t i o n .  On 
27 February t h e  automatic  s t a t i o n  Venera-2 passed at  a d i s t a n c e  
o f  24  thousand k i lome te r s  from the  p l a n e t ' s  s u r f a c e .  

The f l i g h t  t r a j e c t o r y  o f  Venera-3 was c o r r e c t e d  on 26 Decem- 
b e r ,  when t h e  s t a t i o n  was a t  a d i s t a n c e  of about 13  m i l l i o n  k i l o -  
meters from Ear%h. A s  a resu l t  of t h i s  maneuver, on 1 March 1966 
t h e  Venera-3 reached Venus and p laced  a pen.nant on i t s  s u r f a c e .  
Thus t h e  f i r s t  i n t e r p i a n e t a r y  f l i g h t  was completed, and t h e  poss i -  
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(Caption page 26) : F l i g h t  t r a j e s t o r y  of’ Sovie t  automatic  i n t z r -  
p l ane ta ry  s t a t i o n s  t o  Venus: 1- 1aur;cn 0.” Venera-2 , 1 2  February 
1965; 2- launch of  Venera-3, 16  February 1~165; 3- a r r i v a l  of 
Venera-3, 1 March 1966; 4- launch of  Venera-4, 1 2  June 1967; 5- 
a r r i v a l  o f  Venera-4, 1 8  October 1967; 6- launch o f  Uenera-5, 5 
January 1969; 7- launch of  ene era-6, 1.2 January 1969; 8- a r r i v a l  
of Venera-5, 16 May 1969; 9- a r r i v a l  of Venera-6, 17  May, 1969. 

b i l i t y  was i l l u s t r a t e d  o f  r each ing  p1:nets  i n  t h e  s o l a r  s y s t e m .  

During the  f l i g h t  t hc re  were 63  cowmunication se s s ions  w i t h  

Venera-3, and 26  conm * l i ea t ion  s e s s i o n s  vtith Venera-2. 

The experiments performed by  the automatic  s t a t i o n s  Venera-2 
and Venera-3 made it  p o s s i b l e  t o  so lve  s e v e r a l  important problems 
o f  i n t e r p l a n e t a r y  f l i g h t s  and t o  o b t a i n  data  about space and c i r -  
cwnplanetary space du r ing  t h e  year of a q u i e t  Sun. The d i v e r s e  
material from the  t r a j e c t o r y  measurements was of g r e a t  va lue  f o r  
s tudy ing  t h e  problems of longe-range cornmanication and i n t e r p l a n e -  
t a r y  f l i g h t s .  

During t h e  f l i g h t  of  Venera-2 and Venera-3, t h e  p h y s i c a l  con- 
d i t i o n s  i n  i n t e r p l a n e t a r y  space were s t u d i e d :  t h e  magnetic f i e lds ,  
cosmic rays, streams of low-energy charged p a r t i c l e s ,  streams of 
s o l a r  plasma and t h e i r  energy s p e c t r a ,  cosmic r a d i o  emission and 
micrometeors. 

The f l i g h t s  of Venera-2 and Venera-3 showed t h a t  t he  ope ra t ing  
cond i t ions  o f  s t a t i o n s  i n  t h e  immediate v i c i n i t y  o f  t h e  p l a n e t  
Venus have not  been s t u d i e d  s u f f i c i e n t l y  - as  t h e  p3.anet was ap- 

proached, there  was a temperature  inc rease<  which exceeded t h e  ca l -  
cu ia t ed  va lues ,  and r a d i o  communication w i t h  t h e  s t a t i o n s  was d i s -  
tu rbed .  These phenomena were a l s o  observed on Mariner-2. 
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VENUS REVEALS ITS SECRETS 

That which w e  know is l imi t ed ,  and t h a t  which w e  do 
no t  know is  i n f i n i t e .  

P. Laplace 

Truth does not  l i e  on t h e  s u r f a c e .  
Antoine de S a i n t  Exupery 

After t h e  launching of t h e  s t a t i o n s  Venera-2 and Venera-3, /27 -- 
one and a h a l f  years passed.  A new, f avorab le  astronomlcal pe r iod  
f o r  launching a s t a t i o n  was approaching. 

During these one and a half years, on t h e  basis o f  data ob ta ined  
from the  s t a t i o n s  Venera-2 and Venera-3, s c i e n t i s t s  and des igne r s  
developed a new experiment,  and improved the  components, equipment 
and systems.  I n  many f a c t o r i e s ,  t h e  ideas and c a l c u l a t i o n s  of 
engineers  and s c i e n t i s t s  w e r e  embodied i n  real cons t ruc t ions .  

In  l a b o r a t o r i e s  and on test  s t a n d s ,  t h e  equipment, components 
and s y s t e m s  developed were sub jec t ed  t o  re7eated tes t s  and checks.  
They were "C,ested" w i t h  heat and co ld ,  p r e s s u r e  and vacuum, and 
sub jec t ed  t o  t h e  a c t i o n  of s o l a r  rays and t o  overloads on cent r i -  
fuges so t h a t  t h e y  became s e v e r a l  hgndred times heav ie r .  

unly t h e  des igne r s  of  t h e  new s t a t i o n  were t o  know how many 
sleepless n i g h t s  there are dur ing  c r e a t i v e  designs. 

VENERA-4 - FIRS'I' I N  THE ATMUSPHERE OF THE PLANET 

i t  was launched i n  t h e  daytime on 1 2  June 1967. A t  5 hours  
39 minutes t h e  autoirrztic i n t e r p l a n e t a p y  space s t a t i o n  Venera-4 
deperted f o r  deep space. 
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The space  f l i g h t  lasted f o r  more t h a n  4 months. During t h i s  
t i m e  the  s t a t i o n  was i n  communication w i t h  t h e  E a r t h  one hundred 
and 1 4  times and transmitted a great amount o f  in format ion  about 
the  processes occur r ing  i n  space and about t h e  ope ra t ion  of t he  
onboard systems. 

On 1 8  Ocotber 1967 at  7 hours  34 minutes Moscow t i m e  the  sta- 
t i o n  Veners-4, after having traversed about 350 m i l l i o n  km, e n t e r e d  
the  upper rarefied layers o f  t h e  p l a n e t ' s  atmosphere. The descent  
capsule  w a s  separated from t h e  s t a t i o n ,  which o u t l i n e d  t h e  hor izon  
of  Venus w i t h  a f i e r y  arrow, w a s  braked i n  t he  atmcsphere of t he  
p l ane t ,  and completed i t s  descent  by parachute  i n  about one and a 
half hours. During t h i s  t i m e  it t r a n s m i t t e d  s c i e n t i f i c  in format ion  
about p re s su re ,  temperature ,  d e n s i t y ,  and chemical composition o f  
gases i n  t h e  atmosphere of Venus. 

The first  s c i e n t i f i c  i n v e s t i g a t i o n s  w e r e  carried i n  t h e  at- 
mosphere o f  the s e c r e t i v e  p l a n e t .  

What were the  r e s u l t s  o f  t h i s  unusual  space experiment? /2 8 - 

The measurements performed on t h e  Earth-Venus t r a j e c t o r y  con- 
f inned many data obta ined  i n  prev ious  i n t e r p l a n e t a r y  f l i g h t s .  
I n  a d d i t i o n ,  these nieasurements showed tha t  i n  1967 t h e  i n t e n s i t y  
o f  flares of  s o l a r  cosmic r a y s ,  c h a r a c t e r i z i n g  s o l a r  a c t i v i t y , i n -  
creased by a f a c t o r  o f  100 as compared w i t h  1964-1965. 

Observat ions on the  s e c t i o n  o f  t h e  t r a j e c t o r y  b e f o r e  t he  pla-  
n e t  was reached established t h a t  t h e  f l u x  of cosmic p a r t i c l e s  of  
high e n e r g i e s  (up t o  d i s t a n c e s  o f  5000 km from t h e  s u r f a c e  of Venus) 
was cons t an t  and equaled t h e  f l u x  f a r  from the p l a n e t .  Below t h e  
magnitude of  t h e  f l u x  decreased due t o  i t s  abso rp t ion  by t h e  p l a n e t .  
Th i s  resu l t  i n d i c a t e d  that  there are no r e d i a t i o n  b e l t s  on Venus, 
similar t o  those  o f  t h e  Ea r th .  
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Measurements of  the  magnetic f i e l d  show that Venus does n o t  
have a magnetic f i e l d ,  whose d i p o l e  moment would have t o  be more 
than  3 ten-thousandths o f  the  d ipole  magnetic moment of t he  E a r t h .  

This r e s u l t  r e f u t e d  t h e  opin ions  held up u n t i l  t h e n  tha t  a l l  
t h e  p l a n e t s  i n  t h e  s o l a r  system had magnetic f ie lds  similar t o  
t h a t  o f  the  Earth.  

The measurements o f  t h e  f l u x e s  of  s o l a r  plasma c l o s e  t o  t h e  

planet showed t h a t  at  d i s t a n c e s  from 19 t o  12-13 thousand km from 
t h e  s u r f a c e  of the  p l a n e t  there was a great i n c r e a s e  i n  t h e  f l u x e s  
of solar plasma. This may be exp la ined  by the  s t a t i o n  pass ing  
through the  f r o n t  o f  a shock wave, formed dur ing  passage around the  
p l a n e t  ( l i k e  a s o l i d  body) by a supe r son ic  s o l a r  wind w i t h  a 
magnetic f i e l d  " fmzen"  i n  i t  

The concen t r a t ion  of charged p a r t i c l e s  i n  $he r eg ion  o f  t h e  

upper atmosphere of Venus ( an  a l t i t u d e  above 100 km) does not  ex- 
ceed 1000 p a r t i c l e s  p e r  cub ic  cm, i.e., two o rde r s  o f  magnitude 
less than  the  maximum concen t r a t ion  of charged p a r t i c l e s  i n  the  
ionosphere o f  t h e  Earth.  These data shed l i g h t  on t h e  q u e s t i o n  of 
t h e  ionosphere of  Venus and gave t h e  impression tha t  t h e  concen- 
t r a t i o n  of charged p a r t i c l e s  i n  the  ionosphere i s  s e v e r a l  o r d e r s  
of magnitude greater t h a n  t h e  concen t r a t ion  i n  t h e  ionosphere of  
t h e  Earth.  

It was established t h a t  a t  a d i s t a n c e  o f  about 10,000 km from 
t h e  s u r f a c e  o f  the  p l a n e t  there i s  n e u t r a l  hydrogen i n  i t s  atmos- 
phere,  which forms a hydrogen corona of  Venus, which con ta ins  a 
thousand times less hydrogen than  t h e  upper atmosphere o f  t h e  Earth.  
No atomic oxygen was d e t e c t e d  up t o  an a l t i t u d e  of 200 km. 

F i n a l l y ,  t h a t  which s c i e n t i s t s  awaited w i t h  great impat ience 
throughout t h e  e n t i r e  world. It i s  known how c o n t r a d i c t o r y  were 
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t h e  data about t h e  tempera ture ,  p r e s s u r e ,  and d e n s i t y ,  an3 compo- 
s i t i o n  of gases i n  the atmosphere o f  Venus. Now s c i e n t i s t s  had 

i n  t he i r  hands data  on the p h y s i c a l  c h a r a c t e r i s t i c s  of t he  atmos- 
phere of  t he  p l a n e t ,  ob ta ined  d i r e c t l y  from its depths .  

It was established t h a t :  

- The b a s i c  component of t h e  atmosphere o f  Venus is carbon 
Oxygen - more than  0.4%, no less  than  1.5%; d ioxide  - 90 + - 10%. 

water - no more than  1.6%; n i t r o g e n  - less than  7%; 

- A t  an a l t i t u d e  of  55 km t h e  atmospheric  tempera ture  was +25OC 
and i t  i n c r e a s e d  t o  +27OoC when the  descent  capsule  descended t o  
a height  of  27 km. (end of  communication); 

- Atmospheric p r e s s u r e  and d e n s i t y ,  when the  descent  c a p u l e  
descended from an a l t i t u d e  o f  55 km t o  36 km (measurement l i m i t  of 
equlpment) changed from 1 t o  18.5 kg and 1.2 l ~ - - ~  toCi6.5 - 18.33 

LO-’ grams p e r  cm3,  which on the  average 3 . 3  o r d e r  o f  magnitude, 
exceeded the  maximum d e n s i t y  of t h e  terrestr ia l  atmosphere. 

7 ;29 

It was i n i t i a l l y  assumed t h a t  t h e  measurements were performed 
down t o  t h e  p l a n e t s  s u r f a c e .  

It is  i n t e r e s t i n g  t o  no te  t h a t  a t  such h igh  p r e s s u r e s  and den- 
s i t i e s  of t h e  atmosphere o f  Venus water must b o i l  a t  a tempera ture  
above 20OoC. 

As w e  can see, conditio.is  on Venus are f a r  from a paradise, - 130 
and are e n t i r e l y  u n s u i t a b l e  f o r  humans. 

A day a f te r  t h e  s t a t i o n  Venera-4 descended i n t o  t h e  atmosphere 
of Venus, t h e  American s p a c e c r a f t  Mariner-5 passed c l o s e  t o  t h e  

p l a n e t .  T h i s  s p a c e c r a f t  a t  a d i s t a n c e  of  more than  4000 km performed 
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(Captions page 2 9 )  : 
by the  automatic  i n t e r p l a n e t a r y  s t a t i o n  Venera-4 i n  t h e  atmosphere 
of the p l a n e t .  
[Lower r i g h t ) -  Automatic s t a t i o n  Venera-5. 

[Upper lef t ) -  Data from measurements performed 

r a d i o  obse rva t ions  of t h e  upper layers of t h e  atmosphere. The data 
obta ined  could be i n t e r p r e t e d  only af ter  p rocess ing  the r e s u l t s  o f  
i n v e s t i g a t i n g  the  composition of  the  p l a n e t ' s  atmosphere, performed 
by the  s t a t i o n  Venera-4, and a l s o  by u s i n g  data obta ined  from radar 
obse rva t ions  o f  Venus. 

'Yhe s c i e n t i f i c  data obta ined  by Venera-$ were able t o  q u a l i f y  
and e x p l a i n  many phenomena occur r ing  or: t h i s  p lane t .  

However many problems s t i l l  remain unsolved, and many data 
were unknown. What are t h e  p r e s s u r e ,  d e n s i t y ,  t empera ture ,  and 
compositzon of t h e  atmosphere on the  s u r f a c e  o f  t n e  p l a n e t ?  what 
i s  t h e  composition of t h e  cloud layer and t n e  rocks  cover ing  
t h e  surf 'ace? Wnat are the p rocesses  occur r ing  on Venus which are 
r e s p o n s i b l e  f o r  t h e  h igh  ya lues  o f  the  atmospheric  parameters of 
t h e  p l a n e t  and i t s  unusual  composition? What are t h e  v e l o c i t i e s  
of a i r  streams i n  t h e  atmosphere? Is it dark o r  l i g h t  on the 

s u r f a c e  of  Venus? 

There are many answers t o  the  l as t  ques t ion  (and a l s o  the  
remaining ones ) .  

Some s c i e n t i s t s  assert t h a t ,  due t o  t h e  t h i c k  cloud cover  
and t h e  l a r g e  pressure, l i g h t  cannot reach  t h e  s u r f a c e  of Venus. 
Cthers main ta in  t h e  o p p o s i t e  - s o l a r  l i g h t ,  s c a t t e r e d  I n  the c louds ,  
produces uniform i l l u m i n a t i o n  of t h e  s k y  w i t h  no shadows, as e x i s t s  
on t h e  E a r t h  on a gray, cloudy day. A t h i r d  group main ta ins  t h a t  
t h e  great d e n s i t y  of t h e  atmosphere d i s t o r t s  t h e  passage of t h e  

l i g h t  r a y s  s o  much (phenomenon of  s u p e r - r e f r a c t i o n )  t h a t  an observer  
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Layout of the  automatic  i n t e r p l a n e -  
t a r y  s t a t i o n  Venera-5: 
1- Ring f o r  a t t a c h i n g  s t a t i o n  t o  
r e a c t o r  u n i t ;  2- Unit  for automat ic  
c o n t r o l  of microengines o f  a t t i t u d e  
c o n t r o l  systems; 3- High p r e s s u r e  
t a n k s  of a t t i t u d e  c o n t r o l  sys t em;  
4- O r b i t a l  compartment d r y e r s ;  5,6,10, 
12- Sensors  of a s t r o  a t t i t u d e  c o n t r o l  
systems; 7- C o l l e c t o r s  of  gas a t t i -  
tude  c o n t r o l  sys t ems ;  8- Correc t ing  
engine mounting (CEM) ; 9- CEM t a n k s ;  
11- Bl ind  o f  a t t i t u d e  c o n t r o l  s e n s o r ;  
13- O r b i t a l  compartment; 14-  Ultra- 
v i o l e t  photometer;  15- Narrow d i rec -  
t i o n a l  p a r a b o l i c  antenna;  16,24- Far-  
row-di rec t iona l  antennas;  17- Rad ia to r  
of thermal c o n t r o l  s y s t e m ;  18,19,20- 
Microengines of a t t i t u d e  c o n t r o l  
system; 21- Cosmic p a r t i c l e  counter ;  
22- S o l a r  b a t t e r y  pane l ;  23- Descent 
capsule ;  25- Light  p r o t e c t i n g  s c r e e n  
of a s t r o  a t t i t u d e  c o n t r o l  s y s t e m  
senso r s .  

r7 
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on Venus cannot see t h e  edge o f  the hor izon  but  sees, f i g u r a t i v e l y  
speaking,  the back o f  h i s  own head. 

VENEw-5 - VENERA-6 - 20 KILOMETERS TO THE SURFACE! 

After having analyzed t h e  data,  which were a l r eady  h i s t o r y ,  
ob ta ined  from the  s t a t i o n  Venera-4 and af ter  having noted  the  new 
problems, the s c i e n t i s t s  and des igne r s  go t  ready f o r  the next  as- 
t r o n o r i c a l  pe r iod  (beginning o f  January,  1969) to  launch new space- 
craft  towards Venus. 

It was aga in  a busy p e r i o d  f o r  d e s i g n e r s ,  workers, and re- 
sea rche r s .  The necessary  changes were in t roduced  i n t o  the  con- 
s t r u c t i o n  o f  the new s t a t i o n  based on t h e  f l i g h t  data from Venera-4. 
Again there  were r i g i d  c p i t i c a l  tests of  each component, each 
system, each p a r t  a g a i n s t  t h e  co ld ,  heat, vacuum, p r e s s u r e ,  s o l a r  
r a d i a t i o n ,  v i b r a t i o n s ,  and over loads .  

However, a l l  o f  t h i s  was already behind. We had b e f o r e  us  
the i n t e r p l a n e t a r y  automatic  s t a t i o n s  o f  t h e  1968 series,  c r e a t e d  
by t h e  genius  of  t h e  S o v i e t  people - t he  s i s t e r - t w i n s  Venera-5 
and Venera-6, which were going t o  make a voyage i n t o  deep i n t e r -  
p l a n e t a r y  space.  

The f a c t o r y  t es t s  were completed. Now t h e  s t a t i o n s  and t h e  
r o c k e t - c a r r i e r s ,  l ov ing ly  c a l l e d  t h e  " l i t t l e  horses"  by t h e  de- 
s i g n e r s ,  s tood  on t h e  cosmodrome. 

There, i n  t h e  covered hangar ,  a f te r  s e v e r a l  t e s t s  and checks,  - /33 
t h e  s t a t i o n  and the  r o c k e t - c a r r i e r  first meet, t o  be combined, 
p laced  on the launch pad, and, by means of t h e  f i e r y  team of j e t  
engines ,  r i s e  i n t o  space  and there  are f o r e v e r  separated.  
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(Caption page 32): Pennants of  t h e  s t a t i o n  Venera-5. 
(Caption page 33): Automatic s t a t i o n  Venera-6. 

Though w e  may n o t  be s u r p r i s e d  t o  read i n  t h e  papers  about t he  

launch of t h e  s a t e l l i t e s  i n  the  cosmos series, the s a t e l l i t e s  o f  
deep space communication Molniya-1, t h e  me teo ro log ica l  sa te l l i t es  
of t he  meteor system, t h e  mult i - ton s c i e n t i f i c  l a b o r a t o r i e s  Pro ton ,  
and the  automatic  s t a t i o n s  fo l lowing  the  Moon and Venus, w e  must 
no t  f o r g e t  that  each launching o f  a rocke t  w i t h  space equipment on- 
board r e p r e s e n t s  the l a b o r s  o f  thousands of s p e c i a l i s t s .  Each 
launch i s  a j o y f u l  and uneasy hol iday  f o r  everyone whc took  part 
i n  c r e a t i n g  a new s p a c e c r a f t .  T h i s  i s  t h e  day o f  i t s  b i r t h .  

The launching of t h e  s t a t i o n s  Venera-5 and  ene era-6 i s  approaching. 

The launch o f  two automatic  s t a t i o n s  a t  the same time h a s  t h e  

purpose of s imultaneously measuring t h e  parameters of the atmos- 
phere of Venus a t  2 d i f f e r e n t  r eg ions  of  t h e  p l a n e t .  Th i s  has 
imparted a new accent  t o  t he  space experiment on i n v e s t i g a t i n g  t h e  

atmosphere Df Venus. 

Astronomical times s t r i c t l y  determine t h e  month, day ,  hour ,  
minute, and second when t h e  Ea r th  i s  i n  t he  most f avorab le  p o s i t i o n  
for t h e  launch. 

The launch takes p l a c e  on 5 January 1969, a t  9 hours ,  38 min- 
u t e s .  The last  seconds b e f o r e  the  launch are pass ing .  Everyone 
g ives  concent ra ted  a t t e n t i o n  t o  the  command p o s t ,  t h e  obse rva t ion  
p o i n t s  a t  t h e  Center  for Deep Space Communication a t  t h e  Coordinating - /34 
Computer Center. B r i e f l y ,  i n  a b u s i n e s s l i k e  way,  t h e  last words 
of command resound i n  t h e  loudspeakers  and headphones: "Switch t o  
vent" ,  t tstart ' t ,  " i g n i t e " ,  "open ShR*", "rise." 

* T r a n s l a t o r ' s  no te :  expansion unknown. 
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The tower- l ike s c a f f o l d i n g  c o l l a p s e s  on t h e  E a r t h .  The base 
of  t h e  rocke t  I s  hidden i n  c louds o f  d u s t  and flame, the  body o f  
the rocket  shudders ,  rises from t h e  launchpad, f irst  slowly and 
then  more r a p l d l y  r i s i n g  upward, c a r r y i n g  w i t h  i t  columns of flame 
and a t a i l  of smoke and t h e  howling n o i s e  of t h e  j e t  engines .  

Seve ra l  t e n s  of  seconds have passed, t h e  c louds  of  dus t  and 
smoke on the launchpad have s t i l l  not  disappeared and only a 
f l a s h i n g  p o i n t ,  a l i g h t  r ay  coming from t h e  c e l e s t i a l  heights  

speaks of  t h e  event  which j u s t  occurred.  And i n  t h e  loudspeakers  
a q u i e t  vo ice :  " T h i r t y  seconds,  f l i g h t  normal", "One hundred 
seconds,  f l i g h t  normal", "The first stage has s e p a r a t e d  - f l i g h t  
normal", "The las t  s t a g e  w i t h  t h e  automatic  s t a t i o n  has gone i n t o  
the o r b i t  of an Ea r th  s a t e l l i t e  - f l i g h t  normal", " O r b i t a l  para- 
meters ... . It 

On t h e  l i g h t e d  map i n  t h e  Coordinat ing Computer Center a l i n e  
t r a c e s  a p r o j e c t i o n  of t he  rocke t  f l i g h t .  

When t h e  l i g h t  p o i n t  moves over  t he  A t l a n t i c  Ocea? i n  t h e  
r eg ion  of t h e  g u l f  of N e w  Guinea, t h e  vo ice  of the o p e r a t o r  i s  
heard: " P o s i t i o n  of t h e  rocke t  normal", "Time o f  t h e  second 
launch", "Separat ion charges i n  ope ra t  ion" ,  r l Ign i t i on" ,  "Launch", 
"Engine of last s t a g e  opera ted  the c a l c u l a t e d  time", "Separat ion 
completed", "Center o f  Deep Space Communication is r e c e i v i n g  te le-  
m e t r y  in format ion" ,  "Antennas and pane l s  of t h e  s o l a r  ba t t e r i e s  
have opened", "Pressure  and temperature  i n  the compartments and 
cu r ren t  i n  the  s o l a r  b a t t e r i e s  are normal", "Communication w i t h  
t he  s t a t i o n  i s  s table" ,  "The s t a t i o n  has en te red  a f l i g h t  t r a j e c t o r y  
t o  Venus c l o s e  t o  t h e  c a l c u l a t e d  t r a j e c t o r y !  ! !". 

The s t a t i o n  Venera-6 passed smoothly through f i v e  days of 
f l i g h t .  
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About 4 months ahead of  t h e  s t a t i o n  a long  the thorny  p a t h s  
of  space l a y  i t s  g o a l  - Venus. 

Now t h e  s t a t i o n s  are i n  the hands o f  t h e  r a d i o  o p e r a t o r s  and 
t h e  c o n t r o l  s p e c i a l i s t s .  Using t h e  automatic  r a d i o  equipment, t h e  

c o n t r o l  dev ices  onboard t h e  s t a t i o n  and on the  Ear th ,  t h e y  w i l l  
c a r r y  ou t  "radio communication" w i t h  t h e  s t a t i o n s .  They w i l l  
know how t o  o p e r a t e  t h e  equipment and sys tems o f  t h e  s t a t i o n s ,  
what the tempera ture  regime is and what t h e  p r e s s u r e  i s  i n  t h e i r  
compartments. Along w i t h  t h e  b a l l i s t i c  e x p e r t s ,  they w i l l  perform 
t r a j e c t o r y  measurements and w i l l  determine the  r o u t e  which t h e  

st a t  i o n s  are t r a v e l l i n g .  

The e l e c t r o n i c  computers of t h e  Coordinat ing Computer Center  
w i l l  convert. t h e  r a d i o  s i g n a l s  from the  s t a t i o n s  i n t c  columns o f  
f i g u r e s  and graphs which are understandable t o  the s p e c i a l i s t s .  

The va lues  of d i f f e r e n t  pwameters c h a r a c t e r i z i n g  t h e  opera- 
t i o n  of t h e  equipment and systems on t h e  s t a t i o n s ,  and a l s o  t h e  

f l i g h t  time from t h e  launch date,  w i l l  b e  shown on t h e  s i n g l e  
panel  o f  t h e  Coordinat ing Computer Center i n  a g e n e r a l l y  under- 
s t andab le  form. 

The s t a t i o n s  w i l l  complete t h e  four-month f l i g h t  t c  Venus 
us ing  t h e i r  i n s t r u c t i o n s .  

A s  we may r e c a l l ,  t h e  s t a t i o n s  set  out  on t h e  f l i g h t  wrapped 
i n  t h e i r  snow white  covering - t he  thermal i n s u l a t i o n .  The purpose 
of t h i s  i n s u l a t i o n ,  t oge the r  w i t h  the thermal c o n t r o l  system, was 
t o  maintain a temperature  regime given by t h e  f l i g h t  program i n  
t h e  hermet ic  compartments and i n  t h e  s t a t i o n  housing. 

- /35 

Let us take o f f  t h e  " f u r  coat1' from t h e  s t a t i o n  Venera-5, 
l e t  us  t r ansmi t  commands t o  t h e  mechanisms c o n t r o l l i n g  t h e  opening 
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of  t h e  p a n e l s  o f  s o l a r  ba t t e r i e s  and an tennas ,  and l e t  us  become 
familiar wi th  t h i s  equipment. It i s  similar and n o t  s imilar  t o  
i t s  p redecesso r s  - Venera-2, Venera-3 and Venera-4. It took  ove r  
from them e v e r y t h i n g  which passed the  tes ts  i n  space, d i s c a r c i n g  
chose e lements  o f  c o n s t r u c t i o n  and 0,” t h e  sys t ems  whose r e l i a b i l i t y  
was n o t  confirmed dur ing  the f l i g h t  of i t s  p redecesso r s .  

The b a s i c  power element o f  t h e  s t a t i o n  c o n s t r u c t i o n  i s  t h e  
c y l i n d r i c a l  o r b i t a l  compartment whi?h i n c l u d e s ,  on one s i d e ,  t h e  
c o r r e c t i n g  engine and, on t h e  o t h e r  side,  on a s p e c i a l  frame - t h e  
descent  equipment - a s c i e n t i f i c  l a b o r a t o r y  f o r  s t u d y i n g  t h e  atmos- 
phere  of Venus. Panels  of s o l a r  ba t te r ies  are attached t o  t h e  or-  
b i t a l  compartment, which, c o n s t a n t l y  o r i e n t e d  towards t h e  Sun 
du r ing  the f l i g h t ,  w i l l  t r ans fo rm t h e  l i g h t  energy i n t o  e l e c t r i c  
energy and w i l l  r echarge  the  b u f f e r  ba t te r ies  - t h e  chemical 
sources  o f  e l e c t r i c  energy - of t h e  o r b i t a l  compartment of t h e  
descent  capsule .  The pane l s  of t h e  s o l a r  bat ter ies  con ta in  two 
c o n i c a l  s p i r a l  an tennas  o f  t h e  onboard r a d i o  equipment. 

The fo l lowing  are mounted on t h e  o r b i t a l  compartment: para- 
b o l i c  (narrow d i r e c t i o n a l )  antenna o f  t he  r a d i o  equipment,  whose 
base p l a y s  t h e  r o l e  of  a r a d i a t o r - h e a t  exchanger of t h e  heat 
c o n t r o l  s y s t e m ,  o p t i c a l  c e n t e r s  of t h e  a s t r o o r i e n t a t i o n  s y s t e m ;  
a d d i t i o n a l  components o f  t he  a s t r o  o r i e n t a t i o n  ;ystem - micro- 
engines  o p e r a t i n g  on compressed gas ; t anks  w:’;h compressed gas ;  
s enso r s  of  t h e  s c i e n t i f i c  dev ices  which perform s c i e n t i f i c  inves-  
t i g a t i o n s  on t h e  f l l g h t  t r a j e c t o r y  and i n  c i rcumplane tary  space .  

To dec rease  t h e  o v e r a l l  dimensions,  b e f o r e  t h e  l a m c h  t h e  
p a n e l s  o f  t h e  s o l a r  b a t t e r y  and t h e  an tenna  are  combined, and when 
t h e  eng ines  o f  t h e  l a s t  stage of t h e  r o c k e t - c a r r i e r  a re  t u r n e d  up, 
t he  s t a t i o n s  s e p a r a t e  and a l l  of t h e  s t r u c t u r a l  e lements  assume 
t h e i r  working p o s i t i o n .  
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The o r b i t a l  compartment r e p r e s e n t s  a hermetic  c o n t a i n e r  de- 

s igned  t o  operate mder space  zondi t ions .  The c o n t a i n e r  
con ta ins  appa ra tus ,  equipment, and systems of t h e  s t a t i o n  which 
are necessary  for t h e  Earth-Venus ti 3 j e c t o r y .  These i n c l u d e :  
onboard r a d i o  equipment, systems o f  heat c o n t r o l  and r e g u l a t i o n ;  
components of  t h e  a t t i t u d e  con t ro l  sys tems;  s c i e n t i f i c  equipment; 
energy supply system; chemicLi sou rces  of c u r r e n t .  

A s  was a l r eady  no ted ,  d u r i n g  t h e  development o f  a l l  these 
devices  and systems,  p a r t i c u l a r  a t t e n t i o n  was given t o  provid ing  
great r e l i a b i l i t y  i n  t h e  ope ra t ion  of  t h e  e n t i r e  complex. I n  addi-  

t i o n  t o  r igo rous  tes ts  t o  which a l l  equipment and systems of t h e  
s t a t i o n  were s u b j e c t e d ,  redundancy was w i d e l y  used i n  t h e  equipment, 
devices ,  and s y s t e m s .  T h i s  redundancy meant d u p l i c a t i o n ,  and i n  
some cases ,  a t  p a r t i c u l a r l y  c r u c i a l  p o i n t s ,  there  was t r i p l e  redun- 
dancy o f  equipment, u n i t s  and p a r t i a l  and complete systems.  

Each o f  these systems on t h e  s t a t i o n  f u l f i l l s  c e r t a i n ,  r i g o r -  - 4 6  
ously de f ined  func t ions  assigned t i t  by t h e  f l i g h t  program. 

L e t  us examine t h e  ope ra t ion  of  one of t h e  b a s i c  s y s t e m s  o f  
t h e  s t a t i o n  - t h e  radio equipment i n  t h e  o r b i t a l  compartment. 

The rad io  equipment c o n s i s t s  o f  two s e c t i o n s  - r e c e i v i n g  and 
t r a n s m i t t i n g ,  which o p e r a t e  i n  s e v e r a l  regimes and do t h e  fol low- 
ing :  c o n t r o l  t h e  equipment, appa ra tus  and systems of  t h e  s t a t i o n  
(command r a d i o  l i n k ) ;  te lemetry measuremects ( d i r e c t  t r ansmiss ion  
of t h e  va lues  of t h e  parameters c h a r a c t e r i z i n g  t h e  ope ra t ion  o f  
a l l  sys tems on the s t a t i o n  du r ing  t h e  communication s e s s i o n s ) ;  re- 
cording i n  t h e  memory dev ice ,  reproducing,  and t r a n s m i t t i n g  t o  t h e  
E a r t h  s c i e n t i f i c  in format ion  2nd da ta  r ega rd ing  t h e  3pe ra t ion  o f  
t h e  a t t i t u d e  c o n t r o l  s y s t e m  compiled between communication s e s s i o n s ;  
performing t r a j e c t o r y  measurements concur ren t ly  w i t h  Earth-based 
r a d i o  equipment - determining  t h e  l o c a t i o n  of  t h e  s t a t i o n  i n  terms o f  
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angular  coord ina tes ,  v e l o c i t y ,  and d i s t a n c e .  

One of t h e  three antennas c a r r i e d  on t h e  s t a t i o n  r e c e i v e s  
t h e  c o n t r b l  command-signals, t r a n s m i t s  in format ion  from t h e  s t a t i o n  
t o  t h e  E a r t h ,  and performs t r a j e c t o r y  measurements on t h e  Ear th -  
Venus f l i g h t .  T h i s  i s  a narrow d i r e c t i o n a l  p a r a b o l i c  antenna w i t h  
a diameter of 2330 mill imeters,  o r  one of  +,he two u n i d i r r c t i o n a l  
antennas depending on the  communication task and t h e  d i s t a n c e  of 
t he  s t a t i o n  from t h e  E a r t h .  

The r a d i o  equipment f c r  s o l v i n g  t h e  problems formulated c o n s i s t s  
of two groups o f  r e c e i v e r s ,  two groups of  trammitters, decoders ,  
automation equipment and equipment f o r  producing s i g n a l s ,  modulating 
devices  supplylng t h e  gene ra to r s ,  t e l eme t ry  commutators, and s e v e r a l  
o t h e r  u n i t s  ami devices .  The c p e r a t i o n  o f  t h i s  compl,?x r a d i o  equip- 
ment i c  c o n t r o l l e d  e i t h e r  automatical1.y from t h e  onboard p r o g r a m i n g  
equipment, o r  by r a d i o  commands from t h e  Earth.  

Each r a d i o  communication s e s s i o n  has i t s  own s p e c i f i c  task and 
must be  r igo rous ly  f u l f i l l e d  ir! agreement w i t h  the  es tab l i shed  pro- 
gram, s i n c e  a l l  t he  commands are l o g i c a l l y  connected w i t h  each o tner  
and not  f u l f i l l i n g  one command may hold up t h e  communication s e s s i o n  
O W  completely cance l  i t .  

The fo l lowing  communication s e s s i o n s  a r e  he ld  depending on t h e  

purpose : 

- Earth-based, i n  which t h e  ope ra t ion  o f  a l l  t h e  onboard 
systems are c a r e f u l l y  checked and t r a j e c t o r y  measurements are  per-  
formed; 

- The s t a n d r r d  s e s s i o n  o f  te lemet ry  measurements and t r a n s -  
mission of s c i e n t i f i c  information on t h e  f l i g h t  t r a j e c t o r y ;  
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- A standard s e s s i o n  of tr&!ectory measurements on t h e  f l i gh t ;  
t r a j e c t o r y ,  i n  which t h e  distar,ce, v e l o c i t y  of t h e  s t a t i o n ,  and i t s  
p o s i t i o n  i n  space are d e t e m i n e d ;  

- F l i g h t  t r a j e c t o r y  c o r r e c t i o n  s e s s i o n ;  

- Communication s e s s i o n  as t h e  p l a n e t  i s  approached b e f o r e  
e n t r y  i n t o  t h e  atmosphere of Venus. 

When d i s c u s s i n g  t h e  r a d i o  equipment of t h e  s t a t i o n ,  w e  should  
p o i n t  out  the  d i f f i c u l - t y  i n  ope ra t ing  it from t h e  great d i s t a n c e s  
of space. On Ear th ,  we are accustomed t o  t h e  f a c t  t h a t  r a d i o  waves 
sent  from a r a d i o  s t a t i o n  reach  t h e  r e c e i v e r s  simu’faneously. The 

s i t u a t i o n  i s  e n t i r e l y  d i f f e r e n t  w i t h  communication a t  i n t e r p l a n e t a r y  
d i s t a n c e s  - there  may be s e v e r a l  minutes from t h e  time a command 
i s  g iven  u n t i l  i t  i s  r ece ived .  I n  t h e  concluding stage of t h e  

f l i g h t ,  from t h e  i s s u a n c e  of  a command u n t i l  r e c e i v i n g  an answer,  
onboard t h e  s t a t i o n  t h e r e  i s  time t o  q u i e t l y  do one’s  morning 
e x e r c i s e s  o r  prepare a cup of t ea  and p a s t r y .  The commands f r o n  
Eartit are t r a n s m i t t e d  i n  accordance w i t h  t hos?  t i m e  i n t e r v a l s  
v’licil are determined by t h e  f l i g h t  prograx.  

/38 

Between the  communication s e s s i o n s ,  t h e  r a d i o  equipment of  
t h e  s t a t i o n  remains ready t o  o p e i - l t e ,  ? .e . ,  only one r e c e i v e r  and 
t h e  correspondin e l e c t r o n i c  equipment provid ing  t h e  command r a d i c  
l i n k  o f  t h e  s t a t i o n  are turned  on. When a command i s  rece ived  
from E a r t h ,  t h c  c o n t r o l  devices  swi t ch  on t h e  u n i t s  o f  t h e  r a d i o  
equipment, s y s t e m ,  ar.d components of  t h e  s t a t i o n  which must b e  

put  i n t o  ope ra t ion  based on t h i s  command. 

I n  accordance w i t h  t h e  assigned program, t h e  r ece iv ing - t r ans -  
m i t t i n g  eqdipment and t h e  r a d i o  equipment u n i t s  a r e  turned  on auto- 
m a t i c a l l y  o r  on command from t h e  Ear th .  
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(Caption page 37): Flight  diagram o f  Venera-5 w i t h  t he  communi- 
c a t i o n  s e s s i o n s :  1- Communication s e s s i o n ;  2- Communica- 
t i o n  s e s s i o n  on narrow d i r e c t i o n a l  an tenna;  3- T r a j e c t o r y  c o r r e c t i o n  
se s s ion ;  4- Communication s e s s i o n  on nar row-di rec t iona l  antenna;  
5- P l ane ta ry  communication s e s s i o n .  

Thus, i f  any of t h e  equipment o r  e lements  b reak  down, there  

i s  a r e s e r v e  device  o r  resewe system always ready t o  r e p l a c e  i t .  

It must be noted t h a t  du r ing  the  f l igh t  of t h e  s t a t i o n s  Venera-5 
and Venera-6 these measures d l d  no t  have t o  be taken.  
ment opera ted  p e r f e c t l y  . 

The equip- 

I n  speaking about the ope ra t ion  of  r a d i o  equipment i n  space, 
it is necessary t o  p o i n t  ou t  o t h e r  great d i f f i c u l t i e s  which greatly 
complicate r a d i o  communication. F i r s t  of a l l ,  t h i s  i n c l u d e s  r a d i o  
i n t e r f e r e n c e  coming frm the Sun, o t h e r  s ta rs ,  c o n s t e l l a t i o n s ,  and 
nebula. The r a d i o  s i g n a l s  o f  t h e  s t a t i o n  weaken at great d i s t a n c e s  
and become comparable w i t h  the  i n t e r f e r e n c e .  As r a d i o  o p e r a t o r s  
know, it i s  necessary that t!:ese s i g n a l s  be separated from the in-  
t e r f e r e n c e ,  f i l tered,  ampl i f ied ,  and changed i n t o  c l e a r  signals 
which are recorded on magnetic tape i n  t h e  memory dev ices  a t  the 
Cont rc l  Center ,  in t roduced  i n t o  computers, and t r a n s f o r x e d  i n t o  
d i g i t a l  o r  graphic  data. 

Another f a c t o r  complicat ing r a d i o  communication is the grea t  
i n c r e a s e  i n  t h e  f l i g h t  v e l o c i t y  of the  s t a t i o n  as i t  approaches 
t h e  p l a n e t ,  when the most va luable  s c i e n t i f i c  in format ion  i s  being 
transmitted.  Thus, i n  accordance w i t h  t h e  so-ca l led  Doppler e f f e c t  
there i s  a change i n  t h e  r a d i o  wavelength due t o  a g r e a t  change i n  
t h e  t r a n s m i t t e r  v e l o c i t y  with r e s p e c t  t o  t h e  r e c e i v e r  on t h e  Ear th .  

These d i f f i c u l t  problems have been h a d l e d  by t h e  engineers 
and ope ra to r s  i n  the Center  of Deep Space Communication, p rov id ing  
re l iab le  ope ra t ion  of t h e  r e c e i v e r  antenna and o t h e r  equipment. 
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(Caption rage 39): 
t i o n s .  

Antenna of t h e  Center  of Deep Space Communica- 

When w e  see thesi eig5.b 16-meter antenna dishes o f  t h e  
Center of Oeep Space RsJio Communication c o l l e c t e d  on one s t r u c t u r e ,  
it seer& impossible  t h a t  t h i s  machine, with a height of a t en - s to ry  
bu i ld ing ,  can a c c u r a t e l y  trace the  f l i g h t  of t h e  s t a t i o n  w i t h i n  
s e v e r a l  angu la r  mi-wtes,  and move on i t s  suppor t s  w i t h  g r e a t  f l e x i -  
b i l i t y  f u l f i l l i n g  t h e  wishes o f  the o p e r a t o r s .  

S l ec t r i c  energy must be supp l i ed  f o r  t h e  normal ope ra t ion  o f  
the  onboard r a d i o  equipment and a l l  the remaining sys tems o f  t h e  
s t a t  ion .  

The power system of t h e  s t a t i o n ,  i n  a d d i t i o n  t o  the s o l a r  
batteries - semiconductor t r ans fo rmers  which occupy an area of 2.5 
square meters - and chemical batteries, there are c u r r e n t  t r a n s -  

formers ,  a power supply c o n t r o l  b lock ,  ampere-hour coun te r s ,  - /40 
and a c o n t r o l  system. 

T h i s  equipment enables  t he  sys t ems  of the s t a t i o n  t o  o p e r a t e  
i n  a range from t e n s  t o  s e v e r a l  hundreds nf watts of  r e q u i r e d  
power. 

When the  s t a t i o n  approaches Venus, the  l l g h t  f l u x  from che 
Sun i n c r e a s e s  according t o  the  squa re  of  the d i s t a n c e ,  and conse- 
quent ly  t h e  amount of  e l e c t r i c  energy processed by t h e  s o l a r  bat- 
ter ies  inc reases .  T h i s  leads t o  overcharging of  t he  chemical 
sources  of c u r r e n t ,  and the f l i g h t  prograx c a l l s  f o r  the  a p p r o p r i a t e  
swi tch ing  of s e c t i o n s  of  t h e  pane l s  of s o l a r  ba t t e r i e s ,  making i t  
p o s s i b l e  t o  maintain the c u r r e n t  va lue  w i t h i n  given l i m i t s .  

One of t h e  basic l i f e  support  sys tems of t h e  s t a t i o n ,  on which 
the  s u c c e s s f u l  ope ra t ion  of t h e  remaining systems depends, i s  the 
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thermal c o n t r o l  sys t em.  A t  t h e  beginning of t h e  f l i g h t ,  i t  must 
p r o t e c t  t h e  s t a t i o n  from f r e e z i n g ,  and when approaching Venus - 
from t h e  all-encompassicg s o l a r  rays. The problems are diametri- 
c a l l y  oppos i te .  

The necessary thermal regime o f  s t r u c t u r a l  e lements  and on- 
board systems is  provided by combining the p a s s i v e  and a c t i v e  methods 
of  thermal con t ro l .  

The p a s s i v e  thermal c o n t r o l  s y s t e m  r e p r e s e n t s  thermal insu-  
l a t i o n  and t h e  corresponding co ld  covering. The thermal i n s u l a t i o n  
does no t  sha rp ly  change the thermal f l u x  e i t h e r  t o  the minus o r  
t he  p l u s  s ide ,  and t h e  cover o f  t h e  s u r f a c e  provides  the  necessary  
thermal r a d i a t i o n  of t h e  heat excesses  o f  t h e  s t a t i o n .  It absorbs 
t h e  thermal f l u x  when the tempera ture  i n  t h e  s t r u c t u r a l  elements 
must no t  descend below a given l i m i t .  

The a c t i v e  method i s  implemented by an a i r  system o f  thermal  
c o n t r o l  of t he  hermetic  compartments w i t h  f a n s ,  heat exchanger- 
r a d i a t o r s ,  t empera ture  s e n s o r s ,  a c o n t r o l  s y s t e m ,  p i p e s  and channels.  

The most r i g i d  requirements  were p laced  on the  ope ra t ion  of 
t h i s  s y s t e m  dur ing  s t and  t e s t s  on t h e  Earth. 

However, not  a l l  of t h e  o p e r a t i o n a l  regimes can be checked 
under t e r res t r ia l  cond i t ions .  For  example, i t  is impossible  t o  
reproduce t h e  s t a t e  of weightlessness f o r  a long  p e r i o d  of t ime,  
du r ing  which t h e  d i s t r i b u t i o n  of heat i n  the s t a t i o n  compartments 
changes, s i n c e  i n  t h i s  ca se  convection i s  excluded from t h e  heat 
exchange e n t i r e l y .  Therefore ,  t h e  heat c o n t r o l  sys tem,  i n  a d d i t i o n  
t o  t he  f a n  which exchanges t h e  a i r  between t h e  s t a t i o n  compartments 
anu t h e  heat e..changer, con ta ins  blowing f ans  a t  l o c a t i o n s  w i t h  

t he  greatest  amount of heat l i b e r a t i o n .  These f ans  ope ra t e  when 
the  heat l i b e r a t i n g  equipment or  s y s t e m  are i n  ope ra t ion .  



The heat c o n t r o l  system ope ra t e s  according t o  t h e  fo l lowing  
cyc le .  During t h e  f l i g h t  t h e  basic smarce of  heat i n  t h e  compart- 
ments is the  o p e r a t i o n a l  equipment of  the  s t a t i o n .  There i s  a 
gradual  i n c r e a s e  i n  t h e  tem:,erature i n  t he  compartments. When t h e  
upper limit i s  reached,  a va lve  i s  operled on a command from the  
heat sensor ,  t h e  a i r  from the  compartment e n t e r s  the heat exahanger 
( co ld  c i r c u i t )  and g ives  o f f  heat from i t s  walls, which is  radiated 
i n t o  space.  Then the a i r  i s  cooled,  and aga in  e n t e r s  t he  s t a t i o n  
compartments, where i t  removes heat from the  heated equipment and 
aga in  r e t u r n s  it t o  the heat exchanger. This cont inues  u n t i l  t h e  
temperature  i n  t h e  compartments does not  go below a minimum l e v e l .  
Then t h e  va lve  c l o s e s ,  and the  e n t i r e  cyc le  is aga in  repeated when 
the heat accumulates. 

- / 4 1  

I n  t h i s  regime t h e  heat c o n t r o l  s y s t e m  o p e r a t e s  f o r  approximately 
one half of t h e  f l i g h t  t i m e .  Then t h e  r a d i a n t  energy of  t h e  Sun 
begins  t o  have a great i n f l u e n c e  upon the  heat ba lance  i n  the  sta- 
t i o n .  Therefore ,  p rov i s ion  i s  made f o r  a regime of cons t an t lv  
swi tch ing  on the  co ld  c i r c u i t ,  p rov id ing  the  necessary  heat regime 
i n  the compartments on t h e  second half  of t h e  f l i g h t .  

This appears  t o  be  s imple,  bu t  t h i s  s i m p l i c i t y  was only achieved 
under exper ience  gained from the  f l i g h t s  r>f p r w i o u s  s t a t i o n s ,  a 
great number of  experiments on t h e  Ea r th ,  and the  t e d i o u s  work of 
des igne r s  and engineers .  

Thus the thermal Control  s y s t e m  ope ra t ed  s u c c e s s f u l l y  
d u r i n s  t h e  f l i g h t ;  nowhere i n  t h e  compartments d i d  t h e  tempera ture  
exceed 20 - 25OC. The most f avorab le  regime f o r  t h e  ope ra t ion  of 
a l l  equipment and systems was provided.  

The p p s i t i o n  of  a s h i p  on t h e  oceans i s  determined by means 
of c e l e s t i a l  bodies .  Making a c a l c u l a t i o n  and de termining  t h e  de- 
v i a t i o n  of  t h e  s h i p  from a g iven  course ,  a command i s  given t o  t h e  
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ruddep t o  change course,  and i n  the  machine room - a command t o  
change the  v e l o c i t y  of t h e  s h i p  i n  o r d e r  t o  a r r i v e  i n  t i m e  a t  i t s  
p o r t  of d e s t i n a t i o n .  

Thus, our  messengers , s t a t i o n s  Venera-5 and Venera-6, must 
a r r i v e  p r e c i s e l y  a t  t h e i r  p o r t  of d e s t i n a t i o n  - t he  p l a n e t  Venus - 
at a d s f i n i t e  t i m e ,  so  that t h e  time o f  the i r  a r r i v a l  may be deter- 
mined by t h e  Center o f  Deep Space Communication, l o c a t e d  i n  the  
Sovie t  Union. 

The r o l e  of the p i l o t  i n  t h e  nav iga t ion  of ou r  s t a t i o n s  i s  
played by the  a t t i t u d e  c o n t r o l  system and t h e  c o r r e c t i n g  engine.  
How d i d  t h e y  handle t h i s  problem? 

There are 3 b a s i c  o p e r a t i o n a l  regimes of  the  a t t i t u d e  c o n t r o l  
system. 

The first regime i s  t h e  so-ca l led  regime of  cons tan t  s o l a r  
o r i e n t a t i o n .  I n  t h i s  regime t h e  pane l s  of t h e  solar bat ter ies  
are always d i r e c t e d  toward the  Sun and charge the chemical c u r r e n t  
sources  - t he  batteries. If t h i s  regime were not  maintained,  t h e  

s t a t i o n  would be out of ope ra t ion  i n  s e v e r a l  days. 

Th i s  regime i s  provided by means o f  an o p t l c a l - e l e c t r o n i c  sen- 
sor of cons tan t  s o l a r  o r i e n t a t i o n .  If the  Sun i s  i n  t he  c e n t e r  cf 
the f i e l d  of view of t h e  senso r ,  then  t h e  mismatch s i g n i l  equa l s  
zero  and no c o n t r o l  commands a r e  given t o  t he  a c t u a t o r s  (micro- 
eng ines ) .  I f  the  Sun passes out  of t h e  f i e l d  of view of the s e n s o r s ,  
a n u n b a l s n c e o f  t h e  e l e c t r o n i c  c i r c u i t s  occurs ,  the  c o n t r o l  system 
t u r n s  on t h e  c o n t r o l  microengine,  which g ives  t h e  s t a t i o n  t h e  nec- 
essary impulse and r e t u r n s  i t  t o  t h e  i n i t i a l  p o s i t i o n .  

I n  view of  t h e  f a c t  
o r i e n t a t i o n  is  ex t r eme ly  
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on the s t a t i o n ,  i t  has a redundant regime of  gyroscopic  t o r q u i n g  
of  the s t a t i o n  around an a x i s  pe rpend icu la r  t o  the s u r f a c e  o f  t h e  
pane l s  of t h e  s o l a r  batterles. F i r s t  t h e  pane l s  are o r i e n t e d  towards 
the Sun by means o f  ano the r  s o l a r  sensor .  

The second regime i s  a regime of o rhen t ing  t h e  p a r a b o l i c  an- 
tenna  toward the  Earth. I n  t h i s  regime, when the  e n t i r e  power o f  
the onboard t r a n s m i t t e r  i s  used most e f f e c t i v e l y ,  s i n c e  t h e  r a d i o  
s i g n a l s  are focussed by t h e  antenna i n  a narrow beam and are d i rec ted  
toward t h e  Ea r th ,  i t  i s  p o s s i b l e  t o  t r a n s m i t  the  greatest amount of  
i r fo rma t ion  w i t h  a maximum s i g n a l  magnitude. T h i s  i s  p a r t i c u l a r l y  
important  when the  s t a t i o n  i s  t e n s  o f  m i l l i o n s  o f  k i lome te r s  from 
t h e  E a r t h .  

To implement t h i s  regime the  a t t i t u d e  c o n t r o l  s y s t e m  con ta ins  
two movable " tubes"  - one w i t h  s o l a r  s enso r s ,  t h e  o t h e r  w i t h  Earth 
sensors .  

The va lues  of two ang le s  are c a l c u l a t e d  u s i n g  the  d a t a  from 
trajectory measruements performed by means of t h e  onboard and t h e  

Earth-based r a d i o  equipment - t he  ang le  between the  l o n g i t u d i n a l  
ax i s  of t h e  s t a t i o n  and t h e  d i r e c t i o n  t o  t h e  Sun, md the  Sun-stat ion-  
Ear th  angle .  

The va lues  of these ang le s  are t r a n s m i t t e d  a long  t h e  r a d i o  
l i n k  t o  t h e  memory block t h e  c o n t r o l  sys tem.  On a command from 
t h e  E a r t h ,  t he  s o l a r  and Ea r th  " tubes"  are p laced  ( t u r n e d )  a t  these  
angles ,  a f t e r  which t h e  o r i e n t a t i o n  s e s s i o n  w i t h  t h e  Ear th  beg ins .  

Using t h e  microengines of  the  c o n t r a 1  s y s t e m ,  t he  s o l a r  s e n s o r  
i s  turned  i n  the d i r e c t i o n  of t h e  Sun, and t hen  t h e  l o n g i t u d i n a l  
a x i s  of t h e  s t a t i o n  i s  made t o  m i n c i d e  w i t h  t h e  d i r e c t i o n  toward 
t h e  Sun, af ter  which t h e  s t a t i o n  i s  turned  around i t s  axis u n t i l  
t h e  E a r t h  i s  captured by t h e  E a r t h  sensor .  Thus t h e  p a r a b o l i c  
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antenna is directed toward t h e  Ear th  wi th  an accuracy o f  s e v e r a l  
angular  minutes,  and t h e  r a d i o  communication s e s s i o n  wi th  the 
Ear th  begins .  

A t  the  e.id of t h i s  s e s s i o n ,  by means of  t h e  same microengines ,  
c o n t r o l  system, and solar s e n s o r s  t he  s t a t i o n  changes i n t o  a re- 
gime of  cons tan t  s o l a r  op ien ta t fon .  

The t h i r d  regime i s  t h e  regime of t r a j e c t o r y  c o r r e c t i o n .  

As was a l ready  i n d i c a t e d ,  when t h e  s t a t i o n  i s  launched on a 
f l i g h t  t r a j e c t o r y  t o  Venus i t  i s  in f luenced  by the t h r u s t  of t he  

engines ,  the  pu l ses  from t h e  s t a b i l i z a t i o n  engine  system, t he  
f i e l d  of  a t t r a c t i o n  of  t h e  Ea r th ,  Sun, Moon and p lane ts ,  and s e v e r a l  
o the r  f a c t o r s .  The magnitude of t h e  i n f l u e n c i n g  f o r c e s  is not  
always known e x a c t l y  and cannot always be t aken  i n t o  account.  As 

a r e s u l t  of t h i s ,  t he  t r u e  f l i g h t  t r a e c t o r y  o f  t h e  s t a t i o n  d i f f e r s  
from t h e  c a l c u l a t e d  t r a j e c t o r y .  Apparently i t  i s  necessary  t o  de- 

termine the  magnitude of t h i s  divergence and t o  c o r r e c t  t h e  s t a t i o n ' s  
f l i g h t  t r a j e c t o r y .  Th i s  divergence was c a l c u l a t e d  by means of data 
from t r a j e c t o r y  measurements, and a de termina t ion  was made o f  t h e  

magnitude and d i r e c t i o n  of  t h e  c o r r e c t i n g  pu l ses  :-?d the va lues  of 
t h e  angles a t  which t h e  s t a t i o n s  mus t  f irst  be turnec! i n  space 
before  the c o r r e c t i o n s .  

The r a d i o  l i n k  was used t o  t r ansmi t  t h e  va lues  of t h e  a n g l e s ,  and 

t h e  o p e r a t i o n a l  t i m e  of fhe  c o r r e c t i n g  engine i n  t h e  f o r m  of e n t r i e s  
( d i g i t a l  code; i n  t he  e l e c t r o n i c  u n i t s  of the s t a t i o n  memory. 

Then a very important  f l i g h t  regime occurs  - t h e  c o r r e c t i o n  
regime . 

I n  t h i s  regime a h igh  accuracy of  a t t i t u d e  c o n t r o l  and operatLon 
of t h e  c o r r e c t i n g  engine i s  necessary .  
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The refereme s t a r s  d u r i n g  t h i s  s e s s i o n  were t h e  Sun and t h e  

star S i r i u s .  The s t a t i o n  was o r i e n t e d  w i t h  r e s p e c t  t o  t he  d i r e c -  
t i o n s  t o  these heavenly bodies .  For  t h i s  purpose ,  t h e  v a l u e s  o f  
t h e  o r i e n t a t i o n  a n g l e s  conta ined  i n  t h e  memory of the  s t a t i o n  were 
c a l c u l a t e d .  

- 14 3 

During the c o r r e c t i o n  s e s s i o n s ,  bo th  s t a t i o n s  were o r i e n t e d  
so t h a t  du r ing  the o p e r a t i o n  o f  t h e  c o r r e c t i n g  eng ine ,  i t  was 
p o s s i b l e  t o  e l i m i n a t e  the  mismatch between t h e  t r a j e c t o r i e s  - t h e  
t r u e  and the  c a l c u l a t e d  ones - t o  have the  s t a t i o n  a r r i v e  a t  t h e  

g iven  r eg ions  o f  Venus a t  t h e  c a l c u l a t e d  time - about  9 hours  Mos- 
cow t i m e ,  16 May 
when Venus was i n  t he  r a d i o  v i s i b i l i t y  zone of  t h e  antennas o f  the  
Center o f  Deep Space Radio Communication. 

1969 f o r  Venera-5 and 17 May 1969 f o r  Venera-6, 

The e n t r a n c e  i n t o  t h e  atmosphere o f  Venus was se1ectc;L w i t h  

a l lowance f o r  t h e  fo l lowing  c o n s i d e r a t i o n s .  S i n c e  t h e  maximum of  
t h e  an tenna  p a t t e r n  of t h e  descent  capsule  t r a n s m i t t i n g  an tenna  
co inc ided  w i t h  i t s  l o n g i t u d i n a l  a x i s ,  dur ing  t h e  descen t  by para- 
chute  t h e  an tenna  p a t t e r n  would co inc ide  w i t h  t h e  l o c a l  v e r t i c a l .  
I f ,  du r ing  t h e  d e s c e n t ,  t h e  l o c a l  v e r t i c a l  co inc ided  w i t h  t he  Venus- 
Earth d i r e c t i o n ,  t hen  t h e  s i g n a l  r ece ived  on t h e  E a r t h  would be 
t h e  s t r o n g e s t .  Therefore  t h e  most f a v o r a b l e  r eg ion  f o r  t h e  s t a t i o n  
t o  e n t e r  t h e  atmosphere of Venus l a y  i n  t h e  c e n t e r  of t h e  p l a n e t  
d i s c  v i s i b l e  from t h e  Earth.  

Under these c o n d i t i o n s  Venus i s  .',ways approached from t h e  
d a r k  s ide  of t h e  p l a n e t ,  and t h e  e n t r y  p o i n t  i n t o  t h e  atmosphere 
i s  l o c a t e d  on t h e  noni l luminated  s ide  of Venus. For t h e  s t a t i o n s  
Venera-5 and Venera-6, t h e  e n t r y  p o i n t  i n t o  t h e  atmosphere of  
Venus was on t h e  n i g h t  s i d e  of t h e  p l a n e t  a t  a d i s t a n c e  o f  2700 
ki1ometei.s from t h e  t e r m i n a t o r  l i n e ,  1 .e .  t h e  boundary be tween 
day and n i g h t .  
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The s p a c e c r a f t  had t o  e n t e r  t h e  atmosphere of  t h e  p l a n e t  a t  
a d e f i n i t e  angle. With such a dense atmosphere as i s  observed on 
Venus, t h e  va lue  of t h e  s p a c e c r a f t  e n t r y  ang le  i n t o  t h e  atmosphere 
has a very l a r g e  value.  Too steep an  e n t r y  leads t o  a sha rp  in-  
c r ease  i n  overloads and great h e a t i n g  of t h e  descent  capsule  du r ing  
t h e  aerodynamic b rak ing  i n  t h e  atmosphere o f  the  p l a n e t ,  which 
d i s t u r b s  i t .  At small e n t r y  ang le s ,  i . e . ,  a f l a t  e n t r y ,  i t  i s  
p o s s i b l e  t h a t  t h e  space s t a t i o n  may not  be "captured" b y  t he  at- 
mosphere of t h e  p l a n e t ,  t h u s  brak ing  i n  the  upper layers  of t h e  

atmosphere i s  i n s u f f i c i e n t ,  and, i n s t e a d  o f  submersion i n  t h e  a t -  
mosphere there i s  a rebounding - t h e  s t a t i o n ,  c h m g i n g  i t s  t r a j e c -  
t o r y ,  f l i e s  past  t h e  p l a n e t .  Therefore ,  there  i s  a c e r t a i n  admis- 
s i b l e  range of  e n t r y  ang le s  i n t o  t h e  atmosphere. 

For t h e  s t a t i o n s  Venera-5 and Venera-6, the  e n t r y  angles  i n t o  
the  Elane t  atmosphere are 63 - 65 degrees w i t h  r e s p e c t  t o  t h e  l o c a l  
hor izon ,  and the e n t r y  v e l o c i t y  i s  11.18 km p e r  second. 

To o r i e n t  the s t a t i o n ,  very small moments o f  f o r c e s  are re- 
qu i r ed ,  produced by t he  microengines.  
occur ing  dur ing  t h e  ope ra t ion  o f  t h e  c o r r e c t i n g  engzne exceeds b y  

s e v e r a l  o r d e r s  o f  magnitude t h e  moments of t h e  microengines.  
f o r e ,  a f te r  t h e  o r i e n t a t i o n  of t h e  s t a t i o n  w i t h  r e spec t  t o  t h e  Sun 
and the  s t a r  S i r i u s  i s  completed, and b e f o r e  t h e  c o r r e c t i n g  engine 
i s  turned  on, t h e  gyroscopic  s t a b i l i z a t i o n  s y s t e m  i s  se t  i n t o  oper- 
a t i o n ,  which c o n t r o l s  t h e  ope ra t ion  of t h e  s t a b i l i z a t i o n  engine 
and s t a b i l i z e s  the  s t a t i o n  b e f o r e  the c o r r e c t i n g  engine ceases  t o  
opera te .  

The magnitude of  t h e  moments 

There- - /44 

On 1 4  and 16 March, 1969, when t h e  s t a t i o n s  Venera-5 and Ven- 
era-6 were loca ted  15.5 and 15.7 m i l l i o n  k i lome te r s ,  r e s p e c t i v e l y ,  
from t h e  E a r t h ,  t h e  c o r r e c t i n g  engines were turned  on at  e x a c t l y  
t h e  c a l c u l a t e d  time upon a command from t h e  onboard computers. 
'I'hese engines  o p e r a t i n g  l o r  a s e t  p e r i o a  o f  time placed t h e  s t a t i o n  



on t r a j e c t o r i e s  p l a c i n g  the  s t a t i o n  i n  a g iven  r e g i o n  on t h e  p l a n e t  
Venus. 

The t r a j e c t o r y  measurements performed a f te r  t h e  c o r r e c t i o n  
s e s s i o n  confirmed t h e  va l id i t ) .  of b a l l i s t i c  c a l c u l a t r o n s  and t h e i r  
high accuracy.  The time a t  which t h e  s t a t i o n  e n t e r e d  t h e  atmos- 
phere  of  Venus was p r e d i c t e d  w i t h  an accuracy o f  s e v e r a l  seconds,  
and the  c o o r d i n a t e s  o f  t h e  e n t r y  r e g i o n  - w i t h  an accuracy up t o  
200 k i lome te r s .  S ince  t h e  f i rs t  c o r r e c t i o n  was performed w i t h  
great accuracy,  t h e  second c o r r e c t i o n  was n o t  r e q u i r e d ,  a l though 
t h e  f l i g h t  program c a l l e d  f o r  i t .  

A new s u r g e  of o p e r a t i o n s  began. The communication s e s s i o n s  
n e a r  t h e  p l a n e t  approached and i n v e s t i g a t i o n s  were made dur ing  t h e  
descent  of  t h e  descen t  c a p s u l e  i n t o  t h e  atmosphere o f  Venus. 

It was necessa ry  t o  once a g a i n  check t h e  equipment i n  t h e  or- 
b i t a l  compartments and t h e  descent  c a p s h l e s ,  as w e l l  as t h e  e n t i r e  
command - r e c e i v i n g  r a d i o  equipment on t h e  ground. 

What was t h e  descent  capsule  l i k e :  

I n  form, t h e  descen t  capsu le  was s imilar  t o  a sphere  whose 
diameter i s  about 1 meter, w i t h  a mass of 405 ki lograms.  The ex- 
t e r n a l  s u r f a c e  of t h e  sphe re ,  p a r t i c u l a r l y  i t s  lower s e c t i o n ,  
had powerful  heat i n s u l a t i o n  m a i n t a i n i n g  an i n f l u x  of  heat from 
the  sphere  s u r f a c e  i n  t h e  hemr ,e t i c  c o n t a i n e r  as t h e  descen t  capsul f  
moved i n  t h e  dense layers  of  t h e  atmosphere.  The descent  capsu le  
e n t e r e d  the  atmosphere a t  t h e  second s t a g e  v e l o c i t y  - about  11 
k i lome te r s  p e r  second and behint!  a shock wave which was i n  f r o n t  
of t h e  capsule .  A s  a r e s u l t  of t h e  aerodynamic b r a k i n g ,  t h e  

tempera ture  exceeded 10,OOO°C. The s u r f a c e  of  t h e  descen t  c&p- 
s u l e  could n o t  wi ths tand  such a tempera ture ,  and would s i m p l y  
melt. 
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(Capt ion page 4 5 ) :  Descent capsule .  

I n  a d d i t i o n ,  du r ing  the braking  enormous over loads  a r o s e ,  a s  
a r e s u l t  of which t h e  f o r c e  of g r a v i t y  of each component or? t h e  

descent  would be  approximately 450 times greater  thar! on t h e  Ea r th  
under normal cond i t ions .  

These two f a c t o r s  a lone  show what e x t e n s i v e  d i f f i c u l t i e s  were 
faced by t h e  des igne r s  of  t h e  descent  capsule .  

The descent  capsule  c o n s i s t s  of two compartments i n s u l a t e d  f rom 
each o t h e r :  an dpper one - t h e  parachute  compartment - and t h e  
lower one, t he  equipment compartment. 

The parachute  compai-tment c o n t a i n s  a two-stage parachute  
s y s t e m  c o n s i s t i n g  of a drogue and a main parachute .  The mater ia l  
o f  these parachutes  re ta ins  t h e  r equ i r ed  mechanical s t r e n g t h  a t  
temperatures above 500°C. 

T h i s  compartment a l s o  con ta ins  a t r a n s m i t t i n g  antenna of  t h e  

r a d i o  equipment, s e n s o r s  o f  t h e  s c i e n t i f i c  equipment, and t h e  
radio a l t imeter  antenna. The parachute  compartment conta ined  a - /46 
hermetic cover which could be d i s c a r d e d .  

The equipment compartment o f  t h e  descent  capsule  conta ined  t h e  
onboard r a d i o  t r a n s m i t t e r ,  a programming device ,  automatic  proces- 
s i n g  u n i t s ,  t h e  t e l eme t ry  s y s t e a ,  a r a d i o  a l t i m z t e r ,  a b a t t e r y ,  
t he rma l  c o n t r o l  sys t em,  and s c i e n t i f i c  equipment. 

To i n c r e a s e  t h e  s t a b i l i t y  o f  motion of t h e  descent  capsule  i n  
t h e  atmosphere of Venus and t o  decrease  t h e  ampl i tude  of  t h e  o s c i l -  
l a t i o n s ,  t he  lower s e c t i o n  conta ined  a s p e c i a l  mechanical damper. 
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The descent  capsules  conta ined  space p a s s p o r t s  of the space 
s t a t i o n  - pennants w i t h  a bas-relief of Vladimir  I l ' i c h  Lenin and 
a p i c t u r e  of t h e  head of t h e  S o v i e t  Union. 

It should be noted  t h a t  t h e  descent  capsules  of Venera-5 and 
Venera-6 were s u b j e c t e d  t o  s t r u c t u r a l  changes as compared w i t h  t h e  

descent capsule  o f  Venera-4. The descent  capsule  o f  t he  s t a t i o n  
Venera-4 was produced when t h e  range  of assumed p r e s s u r e s  and temp- 
e ra twes  on the  s u r f a c e  02 Venus f l u c t u a t e d  from one t o  hundreds 
of  kilogram-force per  squa re  cen t ime te r ,  and from -30 t o  + 4 O O 0 C .  

Therefore ,  i t  was designed f o r  an average model o f  t h e  atmosphere 
of  Venus, and could s u s t a i n  a p r e s s u r e  of about 20  kG/cm . 2 

The V L - .  - 7  o f  the atmospheric  parameters, ob ta ined  a f t e r  pre-  
l iminary  proces  ?g  from t h e  s t a t i o n  Vcnera-4 at  a r a d i o  a l t imeter  
r ead ing  of 28 k i l a e t e r s  and i n  t h e  deeper  l ayers ,  c l o s e l y  coin- 
cided w i t h  t h e  va lue  f o r  t h e  p a t h  t r a v e r s e d  when t h e  ca3sule  des- 
cended i n t o  the  atmosphere o f  t h e  p l a n e t  from t h e  t ime t h e  a l t i t u d e  
reading  was obta ined  u n t i l  communications ended. The dzta  t h u s  
ob ta ined  c l o s e l y  co inc ided  w i t h  t h e  va lue  of the  a l t i t u d e  c a l c u l a t e d  
from c o n d i t l m s  of h y d r o s t a t i c  acmospheric e q u i l i b r i c m .  

This  agreement of  t h e  r e s u l t s ,  ob ta ined  by d i f f e r e n t  methods, 
provided a bas i s  for concluding t h a t  t h e  measurement of a tmsopheric  
parameters was performed by the  descent  capsule  o f  t h e  s t a t i o n  
Venera-4 down t o  t h e  very s u r f a c e  o f  t h e  p l a n e t .  

A s  a r e s u l t  o f  f u r t h e r  c a r e f u l  p rocess ing  of t h e  d s t a  ob ta ined  
by probing  t h e  atmosphere o f  Venus by t h e  s t a t i o n  Venera-4, nlong 
w i t h  data  from subsequent rad ioas t ronomica l  and radar i n v e s t i g a t i o n s ,  
and a l s o  w i t h  t h e  da ta  obta ined  by Mariner-5, t h e  s c i e n t i s t s  asstlmed 
t h a t  t h e  va lues  f o r  p r e s s u r e  and tempera ture  on t h e  s u r f a c e  o f  t h e  
p l a n e t  were h i g h e r  t h a n  was i n d i c a t e d  by t h e  s t a t i o n  Irenera-4. 
Thus, one c h a r a c t e r i s t i .  was taken  i n t o  account i n  t h e  o p e r a t i o n  
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of t h e  r a d i o  a l t imeter  o f  Yenera-4: two va lues  o f  t h e  a l t i t u d e ,  
which d i f f e r  from each o t h e r  by 30-40 kilometers,  could correspond 
t o  t h e  readings  of t h e  r a d i o  alt imeter.  This phenomenon is i n t r i n -  
s i c  t o  a l l  r a d i o  altimeters w i t h  a p e r i o d i c  frequency modulat ion,  
and an i n a c c u r a t e  knowledge of t h e  atmospheric  p rope r t i e s  of Venus 
could lead t o  t h e  f a c t  t h a t  t h e  opening o f  t he  parachute  and t h e  
beg i rn ing  o f  measurements were begun much e a r l i e r  t h a n  t h e  sa lcu-  
la ted va lues  of t h e  a l t i t u d e  a t  t h e  upper t h r e s h o l d  of i n d e t e r -  
minacy. Therefore ,  t h e  measurements performed from t h e  descen t  
Papsule o f  Venera-4 were begun a t  an a l t i t u d e  of 55 k i lome te r s ,  
and not  a t  28  k i lome te r s ,  and ended a t  an a l t i t u d e  of  27 k i lome te r s  
above t h e  s u r f a c e  of  t h e  p l a n e t ,  when t h e  e x t e r n a l  a tmospheric  
p r e s s u r e ,  a f t e r  r each ing  a va lue  which was greater  t h a n  t h e  l i m i t i n g  

the  upper cover  of t h e  equipment compartment and d i s r u p t e d  the  

o p e r a t i o n  of  t h e  r a d i o  equipment. 

va lue  f o r  the  s t r e n g t h  of the descent  capsule  housing,  crushed - / 4 8  

During t h e  F repa ra t ions  f o r  t h e  new expepiment, i t  was tempting 
t o  r e i n f o r c i  t h e  housing of  t h e  descent  capsules  of Venera-5 and 
Venera-6, so t h a t  t h e y  could probe  t h e  atmosphere r i ; h t  down t o  
t h e  s u r f a c e  of t h e  p l a n e t .  However, s i n c e  s t r e n g t h e n i n g  t h e  hcus-  
i n g  of these capsu le s  by a f a c t o r  of 5-8 - such  as t h e  atmor . 
p h e r i c  p r e s s u r e  on t h e  s u r f a c e  ol” Venus would r e q u i r e  - would make 
them very heavy and ,  as a r e s u l t ,  dec rease  t h e  s c i e n t i f i c  equipment 
and a l s o  s i n c e  there  was not  time f o r  such r a d i c a l  r e c o n s t r u c t i o n  
c f  t h e  descent  capsule  ( t h e  as t ronomica l  time of launch was very 
c l o s e ) ,  i t  was decided not  t o  in t roduce  s e r i o u s  changes i n  t h e  
c o n s t r u c t i o n  and composition of t h e  s c i e n t i f i c  equipment c , f  t h e  

descent  capsule .  

The b a s i c  purpose of  t h e  s c i e n t i s t s  i n  launching t h e  s t a t i o n s  
Venera-5 and Venera-6 was t o  i n c r e a s e  t h e  accuracy o f  measuring 
t h e  chemical composi t ion,  t h e  atmospher:! c parameters  and t h e  a l t i -  
t u d e s  corresponding t o  them, as well as i n c r e a s i n g  t h e  d i s t a n c e  
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Layout of  descent  c a p s u l e :  
1- Drogue pa rachu te ;  
4- Transmi t t ing  an tenna;  5- Densimet2r s e n s c r ;  6- Grooving chark-e 
va lve ;  7- D r y e r ;  8- Fan o€! thermal c o n t r o l  s y s t e m ;  9- her met!^ 
o u t l e t ;  10- Commutation u n i t ;  11, 16-  Acce lera t ion  s e n s o r s ;  12-  
T ransmi t t e r ;  13- Mechanical o s c i l l a t i o n  damper; 1 4 -  Pcwer u n i t  ; 
15- Onboard t r a n s m i t t e r ;  17-  Programming equipment; 1 8 ,  1 9 ,  20- 
S t r u c t u r a l  e lements  of  e x t e r n a l  thermal pyo tec t ion ;  21- I n t e r n a l  
thermal  i n s u l a t i o n ;  22-  Thermal c o n t r o l  s y s t e m ;  23- Descent cap- 
s u l e  housing; 24- Pyro-plunge; 25- Cover o f  parachute  compartment; 
26- Radio a l t ime te r  antenna.; 27- Gas ana lyze r .  

2- Main 2a rachu te ;  3- Cover o f  pyro-plunger; 
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(Cap"' ,n page 48):  
ir.  h e  atmosphere of  t he  p l a n e t .  

Data f r o m  mzasurertlents performed by Venera-5 

pene t r a t ed  i n t o  t h e  atmosphere of Venus. 

The nousings of t h e  descent  capsules  were s tengthened  s o  as 
t o  maintzin an e x t e r n a l  p re s su re  up t o  25-27 kG/cm2 and higher 

temperatures  and overloads as cornpafed w i t h  Venera-4. 

The area o f  t h e  main parachute  w a s  decreased  i n  o r d e r  t o  in-  
crease t h e  descent  v e l o c i t y  o f  t h e  descent  capsule  i n t o  t h e  atmos- 
phere of Venus by a f a c t o r  of 4 ,  s i n c e  the  pmachu te  of Venera-4 
was designed f o r  smaller d e n s i t y  v a l u e s  o f  the  p l a n e t  atmosphere. 

The s c i e n t i f i c  equipment on t h e  descent  capsules  would a l so  
change somewhat. A new, more advanced r a d i o  alt imeter was i n s t a l l e d ,  
i n  which the re  i s  no p o s s i b i l i t y  of inde te rmina te  measurements. 

ENTRY AND DESCENT iNTO THE ATMOSPHERE OF VENUS 

It i s  early on t h e  morning of 16 May 1969. The r b s y  hor izon  
i s  covered by haze. The Sun has not  r i s e n ,  and Venus sh ines  i n  
t h e  sky, i n  i t s  unusual  lighf,. 

The morning q u i e t  of the Center f o r  Deep Epace Commianication /'rg 
was broken by t h e  sound of the  s i r e n  and the  automatic  equipment 
slowly pu t  i n t o  motion two rece iv ing  antennas.  

The 16-meter p a r a b o l i c  cups of each -Ftenna were t r a i n e d  on the  
remote Venus and, i t  appeared, l i s t c n e ?  fo; i t s  voice .  

But na ,  it is  not Venus that  t h e y  now h e a r ,  t h e y  hear the s i g -  
nals which Venera-5 has t r a n s m i t t e d  from a d i s t a n c e  of  67 m i l l i o n  
ki lometers  t o  t h e  Earth. The rnagnitl;de of t h e  s i g n a l s ,  a t t e n u a t e d  
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by t h e  great d i s t a n c e  i n  space ,  is  s o  mall t h a t  t hey  cannot be 

d i s t i n g u i s h e d  from the  r a d i o  i n t e r f e r e n c e  of space  i t s e l f ,  and 
only these antennas equipped w i t h  s e n s i t i v e  dev ices  p i t h  pa rame t r i c  
a m p l i f i e r s ,  cooled by l i q u i d  n i t rogen ,  can d i s t i n g u i s h  them. 

How d i f f i c u l t  t h i s  problem i s  may b e  i l l u s t r a t e d  by a compari- 
son made by one o f  the  d e s i g n e r s  o f  these antennas.  "Imagine1', 
he says, " that  i n  t h e  Black Sea a v a t  o f  b o i l i n g  water was poured 
i n ,  and w e  must use  a s p e c i a l  thermometer t o  measure how much the 
sea temperature  has increased ."  They were s o l v i n g  a similar prob- 
l e m  i n  the  Center f o r  Deep Space Communication when the  descent  
capsule  descended by parachute  i n t o  t h e  atmosphere o f  Venus. 

On t h e  morning o f  16  May 1969 t h e  communicaticn s e s s i o n  n e a r  
the p l a n e t  was begun. Onboard t h e  s t a t i o n  s e v e r a l  commands were 
given which prepared t h e  sys t ems  of t h e  s t a t i o n  t o  complete t h e  

f i n a l  stage of  f l i gh t .  The s i g n a l s  confirming each command by the  
s t a t i o n  were t ransmit ted i n  8 minutes t c  the ELWth.  The l a s t  r a d i o  
communication s e s s i o n  w i t h  the s t a t i o n  Venera-5 occurred  when t h e  

p l a n e t  of Venus was approached, 2 hours  be fo re  t h e  e n t r y  i n t o  t h e  
atmosphere. It was begun based on a command from t h e  computer a t  
a t i m e  s p e c i f i e d  from Ear th  i n  t h e  preceding communication s e s s i o n .  
For 8 minutes t h e  con+,rol t r a j e c t o r y  measurements were performed 
t o  r e f i n e  the  i n f l u e n c e  of  t h e  g r a v i t a t i o n a l  f i e ld  o f  Venus and 
t o  in t roduce  t h e  necessary  c o r r e c t i o n s  i n t o  t h e  b a l l i s t i c  c a l c u l a -  
t i o n s .  Then telemetry informat ion  was t r a n s m i t t e d  c;n t h e  s t a t e  
of t h e  onboard systems. 

The descent capsule  of t h e  s t a t i o n  Venera-5 was separated from 
t h e  o r b i t a l  compartment b . f o r e  e n t r y  i n t o  the  atmosphere of the  
p l a n e t  a t  a d i s t a n c e  of 37 thousand k i lome te r s ,  and t h e  s t a t i o n  
Venera-6 - a t  a d i s t a n c e  of 25 thousand k i lometers  from Venus. 
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Radio communication wi th  t he  o r b i t a l  compartments o f  Venera-5 
and Venera-6 was maintained up u n t i l  t h e y  e n t e r e d  t h e  dense l a y e r s  
of t h e  atmosphere. 

After e n t r y  i n t o  t h e  dense l a y e r s  o f  the  atmosphere (9  hours  
01  minutes Moscow t i m e ,  16 May 1969) t h e  most complex stage of 
t h e  f l i g h t  began fo r  t h e  descent  capsule  of  Venera-5 - aerodynamic 
braking. 

With aerodynamic braking,  t he  temperature behind the  shock 
wave on t h e  s u r f a c e  of t h e  descent  capsnle  i n  i t s  f r o n t a l  s e c t i o n  
reeched l l , O O O ° C ,  t h e  k i n e t i c  energy exceeded t h e  thermal energy 
and as a r e s u l t  the  v e l o c i t y  of t h e  descent  capsule  decreased i n  
a s h o r t  period of t i m e  from approximaYely 11 k i lome te r s  p e r  second 
t o  210 meters p e r  second. After t h i s ,  i n  a c l o s e l y  c a l c u l a t e d  
pe r iod  of t i m e  spec ia l  s enso r s  t u rned  on the  automatic  system o f  
t h e  descent  capsule  which c o n t r o l s  t h e  ope ra t ion  o f  t he  parachute  
s y s t e m  and tu rned  on the s c i e n t i f i c  equipment. 
tems f irst  put  i n t o  ope ra t ion  t h e  drogue pa rachu tes ,  and then  t h e  

main parachutes ,  t h e  r a d i o  t r a n s m i t t e r  antenna,  t he  r a d i o  altimeter, 
arid t h e  s c i e n t i f i c  equipment. A smooth descent  o f  t he  equipment 
i n t o  t h e  atmosphere of  Venus began a long  w i t h  t h e  t r ansmiss ion  of 
s c i e n t i f i c  da$a t o  t h e  E a r t h .  

The automatic  sys- /50 

Natu ra l ly :  durii lg those  minutes when the  descent  c2psule  
blanketed by plasma e n t e r e d  t h e  atmosphere o f  Venus there was co 
communication w i t h  i t  and there was a great deal o f  concern among 
t h e  o p e r a t i v e  groups and d i r e c t o r s  of t h e  Center  f o r  Deep Space 
Communication. And there was g r e a t  re l ief  among everyone when t h e  

green l i g h t  s p o t  o f  t h e  s i g n a l  from the  descent  capsule  appeared 
on t h e  osc i l l og raph  tube  and t h e  solemn voice o f  t h e  announcer 
was heard "There i s  t h e  s igna l !" .  
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The r a d i o  communication s e s s i o n  w i t h  t h e  descent  capsule  of 
Venera-5 began a t  9 hours  2 minutes Moscow t i m e .  During a l l  t h e  

time tha t  t h e  c r a f t  was descending, t he  communication w i t h  i t  was 
s table .  The rad*-o communication s e s s i o n  lasted 53 minutes.  A t  
t h e  time the  communication wi th  t h e  descent  capsu le  o f  Venera-5 
ended, t h e  e x t e r n a l  atmospheric p r e s s u r e  reached approximately 
27 kG/cm2, which was t h e  l i m i t i n g  va lue  f o r  t h e  s t c e n g t h  o f  t h e  
o u t e r  cover o f  t h e  capsule .  During t h e  descent  the  tempera ture  
wi th in  t h e  descent  capsule  changed i n s i g n i f i c a n t l y :  from 1 3 ° C  
a t  t he  beginning o f  t h e  descent  t o  28OC a t  t h e  end o f  i t .  T h i s  
points t o  t h e  r e l i a b i l i t y  o f  both t h e  e x t e r n a l  heat p r o t e c t i v e  
cover,  which protected the  capsu le  from brief bu t  extremely h igh  
thermal f l u x e s  which a r o s e  dur ing  aerodynamic braking ,  and of  t h e  

i n t e r n a l  layer  o f  hea t  i n s u l a t i o n ,  which p r o t ? c t e d  t h e  capsule  from 
hea t ing  i n  t h e  atmosphere of  Venus du r ing  t h e  ig per iod  of des- 
cent  by parachute ,  when t h e  temperature  of t h e  atmosphere was ap- 
proximately 300° C. 

A s  t h e  p l a n e t  was approached and when Venera-6 descended i n t o  
t h e  atmosphere o f  Venus, t h e  communication s e s s i o n s  were similar:  
t h e  e n t r y  i n t o  t h e  dense layers o f  t h e  atmosphere of  Ver.us by t h e  

descent  capsule  of venera-6 took p l a c e  on 17 May a t  9 hours  05 min- 
u t e s .  The r a d i o  communications s e s s i o n  d u r i n g  descent  by parachute  
i n  t h e  atmosphere o f  the p l a n e t  was cont inued f o r  51 minutes.  

I N " : S T I G A T I O N S  O N  THE F L I G H T  T R A J E C T O R Y  AND IN C I R C U M P L A N E T A R Y  S P A C E  

During t h e  f l i g h t  along t h e  Earth-Venus t r a j e c t o r y ,  t h e  auto- 
matic  s t a t i o n s  Venera-5 and Venera-6 performed measurements of  solar 
and g a l a c t i c  cosmic r a y s  and i n v e s t i g a t e d  t h e  i n t e r p l a n e t a r y  plasma 
and t h e  s t anda rd  u l t r a v i o l e t  s o l a r  r a d i a t i o n .  

The equipment c a r r i e d  on t h e  o r b i t a l  compartments o f  t h e  sta- 
t i o n  f o r  measuring cosmic r ays  msde :t p o s s i b l e  t o  record  p ro tons  



w i t h  ene rg ie s  from 1 t o  1 2  b i l l i o n  e l e c t r o n  v o l t s ,  and e l s o  p ro tons  
wi th  an energy greater than  30 m i l l i o n  electror .  v o l t s ,  and elec- 
t r o n s  wi th  an energy greater t h a n  0 .1  m i l l i o n  e l e c t r o n  v o l t s .  As 

the  measurements performed by Venera-5 and Venera-6 show, t h e  t o t a l  
f l u x  of  g a l a c t i c  cosmic rays  was lower than  i n  June-October 1967 
dur ing  the  f l i g h t  of t h e  automatic  s t a t i o n  Cenera-4, by  approximately 
15%, and by approximately 40% as compared w i t h  t h e  aa ta  ob ta ined  

connected w i t h  t h e  c y c l i c  a c t i v i t y  o f  t h e  Sun and p o i n t s  t o  an in-  
c r eas ing  f l u x  o f  nonuniform magnetic f i e l d s  moving from the Sun. 

by the s t a t i o n s  Zond-3 ana  Venera-2 i n  December, 1965. T h i s  was - 151 

During the f l i g h t  o f  Venera-5 and  ene era-6 a large i n c r e a s e  
was recorded  i n  t h e  i n t e n s i t y  o f  solar pro tons  f l u x e s  w i t h  e n e r g i e s  
o f  1-4 m i l l i o n  e l e c t r o n  v o l t s ,  of which 1 2  were s i g n i f i c a n t .  
f o u r  i n c r e a s e s  i n  t n t e n s i t y  were d i s t i n g u i s h e d  by a complex s t r u c -  
t u r e  and long du ra t ion :  each of  them lasted no less  than  7 days. 
The f l u x  i n t e n s i t y  g r e a t l y  exceeded t h e  l e v e l  of t h e  g a l a c t i c  back- 
ground. This  may be expla ined  by t he  i n c r e a s i n g  a c t i v i t y  of t h e  

Sun, manifested i n  a group o f  chromosphere f la res  o f  great s t r e n g t h  
occur r ing  dur ing  thi:. per iod .  

The 

Close t o  Venus new data were obta ined  about t h e  s t r u c t u r e  o f  
t h e  c i rcumplanetary plasma flows. It, was p rev ious ly  es tab l i shed  
dur ing  t h e  f l i g h t s  of s p a c e c r a f t  t h a t  t h e  i n t e r p l a n e t a r y  cosmic 
space i s  f i l l e d  w i t h  flows o f  plasma having v e l o c i t i e s  e q u a l l i n g  
s e v e r a l  huiidreds of  k i lometers  p e r  second. The plasma flows move 
from t h e  Sun, and t h e y  t h u s  obta ined  t h e  name of  t h e  s o l a r  wind. 
This plasnta i s  "magnetized" - i t  has a magnetic f i e l d . w i t h  i t .  

The i n t e r a c t i o n  o f  t h e  s o l a r  wind w i t h  the magnetosphere o f  
t h e  E a r t h  was s t u d i e d  e x t e n s i v e l y  du r ing  t h e  launches o f  a r t i f i c i a l  
E a r t h  s a t e l l i t e s  and s p a c e c r a f t .  However, as t h e  plasma moves c l o s e  
t o  p l a n e t s  not  having t h e i r  own magnetic f i e l d ,  i t  was not  kqown 
before  t h e  f l i g h t  t o  Venus of t h e  Sovie t  and American i n t e r p l a n e t a r y  
s t a t i o n s  . 
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The f irst  abrupt  changes i n  the  plasma concen t r a t ion ,  con- 
nec ted  w i t h  a s imultaneous change i n  t h e  magnetic f i e l d  s t r e n g t h  
i n  t h e  v i c i n i t y  of Venus, w e r e  observed 18 October 1967 by means 
of a charged p a r t i c l e  t r a p  and a magetometer c a r r i e d  on t h e  S o v i e t  
s t a t i o n  Venera-4. Fluxes of i n t e r p l a n e t a r y  plasma were a l s o  re- 
corded on Venera-5 and Venera-6. The largest volume of informa- 
t i o n  was obta ined  by mews of traps on t h e  s t a t i o n  Venera-6. As 
t he  s t a t i o n  approached t h e  p l a n e t ,  r eco re ings  were made of t h e  

changes i n  t h e  magnitude of t h e  f l u x e s  and the  plasma, which was 
c h a r a c t e r i s t i c  f o r  the r eg ion  i n  which the  s o l a r  wind passes o v e r  
Venus. Thus, a f r o n t  where changes i n  t h e  plasma flow occurred 
w a s  observed a t  a d i s t a n c e  o f  about 28 thousand k i lome te r s  from 
the  s u r f a c e  of the  p l a n e t ,  and t h e  s t a t i o n  Venera-4 i n t e r s e c t e d  
t h i s  f r o n t  at  a d i s t a n c e  of 19000 k i lome te r s  from t h e  s u r f a c e  of  
the p l a n e t .  T h i s  m a y  be exp la ined  by the  f ac t  t h a t  t h e  s t a t i o n s  
Venera-5 and Venera-6, j u s t  l i k e  Venera-4, descended on t h e  n i g h t  
side of t h e  p l a n e t ,  bu t  far from the t e rmina to r ,  t he  boundary be- 

tween day and n i g h t .  Therefore ,  t he  i n t e r s e c t i o n  of  t he  f r o n t  o f  
an abrupt  change i n  t h e  stream of  charged p a r t i c l e s  occurred  a t  a 
great d i s t a n c e  from t h e  p la i ie t .  

P h o t o e l e c t r i c  photometers fo r  measuring scat tered u l t r a v i o l e t  
r a d i a t i o n  i n  t h e  v i c i n i t y  o f  t he  p l a n e t  and i n  t h e  i n t e r p l a n e t a r y  
medium, carried on both  s t a t i o n s ,  showed tha t ,  j u s t  as was observed 
du r ing  the  f l i g h t  of Venera-4, t h e  r a d i a t i o n  i n t e n s i t y  i n  t h e  
atomic hydrogen l i n e  inc reased  as t h e  p l a n e t  was approached. The 
r e s u l t s  of  t h e  measurements were used t o  c a l c u l a t e  t h e  e e n s i t y  of 
atomic hydrogen at d i s t an t  r eg ions  of  c i rcumplanetary space.  It 
was found tha t  t h e  first i n d i c a t i o n s  of a hydrogen corona appeared 
at a d i s t a n c e  of 25,000 k i lome te r s  from t h e  c e n t e r  o f  t h e  p l a n e t ,  
and a t  a distance o f  about 10,000 k i lome te r s  t he  d e n s i t y  o f  the 
hydrogen corona equaled approximately 100  atoms p e r  cubic  cen t ime te r .  
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(Caption page 52) : Data from measurements performed by Vene~a-6 
i n  t h e  atmosphepe of t h e  planet.  

INVESTIGATIONS I N  THE ATMOSPHERE OF VENUS 

The basic purpose of t he  automatic  i n t e r p l a n e t a r y  s t a t i o n s  
Venera-5 and Venera-6 was t o  cont inue  t h e  s t u d i e s  o f  t h e  chemical 
composition and parameters  of t h e  atmosphere o f  Venus, first i n i -  
t i a ted  by Venera-4 i n  October,  1967. For 'chis purpose,  t h e  descent  
capsules  of the automatic  s t a t i o n s  carried: systems o f  temperature  
and p r e s s u r e  s e n s o r s  designed f o r  d i f f e r e n t  measurement ranges ; 
gas ana lyze r s  f o r  s tudy ing  the  gas  composition of t h e  atmosphere; 
a densimeter  f o r  measuring t h e  d e n s i t y  of  the atmosphere and photo- 
c e l l s  f o r  measuring t h e  i l l u m i n a t i o n  i n  t h e  atmosphere o f  Venus. 

The gas  ana lyze r s  measured the  content  o f  carbon d iox ide ,  oxy- 
gen, water, and n i t r o g e n  t o g e t h e r  w i t h  i n e r t  gasses a t  two d i f f e r -  
e n t  l e v e l s  above t h e  s u r f a c e  o f  t h e  p l a n e t .  Consequently, t h e  

measurements here performed a t  d i f f e r e n t  p r e s s u r e s  and tempera tures .  
The composition o f  t h e  atmosphere was analyzed upon commands i s s u e d  
by the  onboard computers. Out of  the numerous p o s s i b l e  methods o f  
determining the  composition o f  t he  atmosphere, t h e  s i m p l e s t  and 
most r e l i a b l e  physical-chemical  methods were used,  based on w e l l  
s t u d i e d  r e a c t i o n s  having high s e l e c t i v i t y .  

The system o f  senso r s  f o r  measuring t h e  temperature  and t h e  
p r e s s u r e  cons i s t ed  of r e s i s t a n c e  thermometers and manometers of 
t h e  anero id  type .  

The mutual over lapping  of  t h e  equipment mehsurement ranges 
made i t  p o s s i b l e  t o  c o n t r o l  t h e  c o r r e c t n e s s  of  t h e  measurements 
and t h e i r  high r e l i a b i l i t y .  To measure t h e  atmospheric d e n s i t y ,  
a device  of t h e  tun ing  fo rk  type ,  whose o p e r a t i o n a l  p r i n c i p l e  was 
based on a change i n  t h e  o s c i l l a t i o n  amplitude of a c e r t a i n  frequency 
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(Caption page 53): 
wave. 

Venera-4 and Venera-6 p a s s i n g  through a shock 

as a f u n c t i o n  of the  sur rounding  medium d e n s i t y ,  was used. 

P h o t o e l e c t r i c  s enso r s  were used t o  measure t h e  i l l u m i n a t i o n  
i n  t h e  atmosphere of  t h e  p l a n e t .  These senso r s  were designed t o  
r eco rd  t h e  r a d i a t i o n  i n  t h e  v i s i b l e  and n e a r  i n f r a r e d  r eg ion  of 
t h e  spectrum w i t h  a threshold s e n s i t i v i t y  o f  0.5 watts p e r  squa re  
meter. Th i s  i l l u m i n a t i o n  va lue  approximately corresponds t o  i l l u -  - /54 
minat ion on t h e  Ea r th  du r ing  t w i l i g h t .  

One advantage o f  a l l  of these dev ices  i s  t h e  s imGl ic i ty  o f  
t h e i r  c o n s t r u c t i o n ,  low weight and a b i l i t y  t o  o p e r a t e  reliabljr  a t  
high p r e s s u r e s  and temperatures .  

Radio altimeters o f  a dec imeter  range were c a r r i e d  on t h e  des- 
cent  capsules .  The o p e r a t i o n a l  p r i n c i p l e  was similar t o  t h e  oper- 
a t i o n  of a i r p l a n e  altimeters. The r a d i o  altimeters were used t o  
determine c e r t a i n  f ixed  va lues  of t h e  d i s t a n c e  t o  t he  s u r f a c e  o f  
t h e  p l a n e t  dur ing  t h e  descent .  The s c a l e s  of f i x e d  va lues  o f  t h e  

a l t i t u d e ,  which could b e  recorded by t h e  r a d i o  a l t imeters ,  ranged 
from 50 t o  1 0  k i lome te r s .  Th i s  s e l e c t i o n  of t h e  o p e r a t i o n a l  range 
of t h e  equipment was based on data obta ined  from Venera-4 and p re -  

l iminary  c a l c u l a t i o n s  o f  the  expected moment o f  t i m e  and t h e  a l t i -  
tude  a t  which t h e  parachutes  opened. A l l  o f  t he  s c i e n t i f i c  measure- 
ments were performed dur ing  t h e  parachute  descent  of t h e  s t a t i o n .  

The f i r s t  t e s t  of t h e  atmosphere i n  o r d e r  t o  analyze it on 
Venera-5 was performed immediately a f t e r  t h e  opening of t h e  main 
parachute ,  when t h e  p r e s s u r e  was about 0.6 kG/cm2, and t h e  temp- 

e r a t u r e  - about +25OC. The second t e s t  was taken  a t  a lower a l t i -  
tude when t h e  p r e s s u r e  was about 5 k0/crn2 and t h e  temperature  was 
about t15OOC. 



The gas ana lyze r  on Venera-6 CISO made two tests o f  t h e  
atmospheric composition of Venus a t  d i f f e r e n t  a l t i t u d e s .  The 
f i rs t  sample was taken  a t  a p r e s s u r e . o f  about 1 kG/cm when t h e  
temperature  was approximately 6OoC; t he  second - when t h e  p r e s s u r e  
was 10 kG/cm and the  temperature  - +225OC. 

2 

2 

The r e s u l t s  of  t h e  i n v e s t i g a t i o n s  o f  the  atmospheric  composi- 
t i o n  of Venus, performed on the  au tomat ic  s t a t i o n s  Venera-5 and 
Venera-6, confirmed and defjned the  data obta ined  p rev ious ly  on 
Venera-4. It was now found tha t  the atmosphere of Venus almost 
e n t i r e l y  c o n s i s t s  o f  carbon d iox ide  and con ta ins  e lements  o f  n i t r o -  
gen, water, and oxygen. The carbon d iox ide  concen t r a t ion  was 93 - 
97% (on Venera-4 it was 90 - 10%). !he content  o f  n i t roge l l ,  a long  
w i t h  i n e r t  gases, was 2-5%, and t h e  amount of oxygen d i d  not  exceed 
0.4%. These r e s u l t s  c l o s e l y  co inc ide  w i t h  measurements of Venera-4, 
which showed t h a t  t h e  n i t r o g e n  i n  t h e  atmosphere of Venus i s  less 
than  7%, and oxygen is  about 0.5%. The content  of water vapors a t  
a l e v e l  of a l t i t u d e s  corresponding t o  a p r e s s u r e  of  0 .6  kG/cm2 i s  
from 4 t o  11 mil l igrams p e r  l i t e r .  The measurements performed i n  
1967 by Venera-4 showed t h a t  a t  a p res su re  of about 0.6 kG/cmZ there  
was from one t o  e igh t  miLligrams o f  water vapor  i n  one l i t e r  o f  
atmosphere. T h i s  p o i n t s  t o  t h e  absence of s a t u r a t i o n  of  t h e  at- 
mosphere of Venus by water vapor a t  the  a l t i t u d e s  where t h e  measure- 
ments were performed. 

+ 

On the  average,  t h e  t e l eme t ry  commutator of t h e  onboard r a d i o  
equipment i n t e r r o g a t e d  t h e  temperature  and p r e s s u r e  senso r s  every 
40-50 seconds.  More t h a n  70 p r e s s u r e  measurements and more than  
50 temperature  measurements were c a r r i e d  out  as each p e i c e  o f  equip- 
ment was lowered by parachute .  The tempera ture  and p r e s s u r e  of  t h e  - /55 
atmosphere o f  Venus were measured w i t h i n  an accuracy of s e v e r a l  
per-c .,ts throughout t h e  e n t i r e  sounding i n t e r v a l .  
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The s t a t i o n s  Venera-5 and Venera-6 probed the  atmosphere i n  
reg ions  where the  tempera ture  changed from approximately 25 t o  
32OoC, and the  pressure , f rom 0.5 t o  27  kG/cm . The s l t i t u d i n a l  
temperature  change i n  t h e  measurement i n t e r v a l  d i f f e r e d  l i t t l e  
from an a d i a b a t i c  change. In  1967 Venera-4 p e r f o m e c  measurements 
i n  a reg ion  where t h e  tempera ture  changed from 25 t o  27OOC. A 

p r e s s u r e  change from 0.5 t o  18 kG/cm2 corresponded t o  t h i s  r eg ion .  

2 

91 the  basis o f  r e s u l t s  of measuring the tempera ture ,  p r e s s u r e ,  
and chemical composition, c a l c u l a t i o n s  were made o f  t he  r eg ions  i n  
which t h e  equipment was lowered i n t o  t h e  atmosphere o f  Venus, and 

i n  which measurements of t h e  atmospheric  parameters were p e r f o m e d  
from the  time the  main parachutes  opened. For Venera-5 t h i s  re- 
gion covered 36 k i lome te r s ,  and f o r  Venera-6 - 3 8  ki lometers .  

The d i f f e r e n c e  i n  t h e  a l t i t u d i n a l  va lues  recorded  by t he  r a d i o  
altimeters a t  the beginning and end of  t h e  descent  s a t i s f a c t o r i l y  
coincided w i t h  segments of  t h e  p a t h  t r a v e r s e d  by t h e  equipment 
dur ing  descent  by parachute .  The r eg ions  i n  which t h e  descent  cap- 
s u l e s  descended were c a l c u l a t e d ,  based on t h e  cond i t ion  of  atmos- 
p h e r i c  h y d r o s t a t i c  equ i l ib r ium,  nea r  t h e  measured va lues  of  temp- 
e r a t u r e  and p r e s s u r e  at  times corresponding t o  t he  a l t i t u d i n a l  
readings  obta ined ,  and also us ing  t h e  aerodynamic c h a r a c t e r i s t i c s  
of t h e  equipment dur ing  descent  by parachute .  

The r e s u l t s  o f  c a l c u l a t i o n s  made by two independent methods 
c l o s e l y  coincided.  

The p l t i t u d e s  recorded on Venera-5 and on Venera-6 f o r  iden- 
t i c a l  va lues  o f  tempera ture  and p r e s s u r e  led t o  va lues  which d i f -  

fered from each o t h e r  by 1:-16 k i lometers .  Based on r a d i o  altime- 
t e r  data o f  Venera-5, a p r e s s u r e  of 27 kG/cm2 corresponded t o  an 
a l t i t u d e  of  24-26 k i lome te r s ,  and based 011 r a d i o  a l t i m e t e r  d a t a  
of  Venera-6 t h e  same p r e s s u r e  corresponded t o  an a l t i t u d e  of  10-12 
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ki lometers .  T h i s  ev iden t ly  re la ted t o  t he  g r e a t  uneveness o f  t h e  

r e l i e f ,  s i n c e  t h e  descent  took p l a c e  over  d i f f e r e n t  reg ions  of  t h e  
p l a n e t  s u r f a c e  which were hundreds o f  kilometers from each o t h e r .  

The s t a t i o n s  Venera-5 and  ene era-6 performed t h e i r  tasks and 
transmitted t o  the Ea r th  d a t a  from deeper atmsopheric layers  than  
t h o s e  of Venera-4. They made it p o s s i b l e  by means of i n d i r e c t  
measurements t o  g r e a t l y  r e f i n e  t h e  chemical composition o f  t h e  
p l a n e t  atmosphere and t o  o b t a i n  r e l i ab le  va lues  o f  tempera ture ,  
p r e s s u r e ,  and atmospheric d e n s i t y  i n  an a l t i t u d i n a l  i n t e r v z l  of 
about 40 k i lometers .  

The r e s u l t s  of these experiments confirmed tha t  Venus has a 
very t h i c k ,  dense atmosphere c o n s i s t i n g  p r imar i ly  o f  carbon d iox ide ,  
and has very h igh  va lues  o f  p r e s s u r e  and tempera ture  on t h e  s u r f a c e .  
I f ,  down t o  t he  s u r f a c e  of t h e  p l a n e t ,  t h e  temperature  changes 
accord ing  t o  an a d i a b a t i c  law, then  a t  the  s u r f a c e  l e v e l  determined 
by t h e  r a d i o  alt imeter on Venera-6 t h e  tempera ture  and p res su re  
w i l l  be 4 0 0 O C  and about 60 kG/cm2, r e s p e c t i v e l y ,  and a t  t h e  s u r f a c e  
l e v e l  determined b y  t he  r a d i o  alt imeter o f  Venera-5 these va lues  
w i l l  i n c r e a s e  - t o  53OoC and 1 4 0  kG/cm . 2 

P h o t o e l e c t r i c  s enso r s  c a r r i e d  on t h e  s t a t i o n s  d i d  not  r e c o r d  - 1 5 6  
t h e  i l l u m l n a t i o n  of  the atmosphere of Venus on t h e  n i g h t  s ide  
above a th re sho ld  va lue  of 0.5 watts p e r  square  meter. The one 
except ion  was one reading ,  noted on Venera-5, corresponding t o  a 
l e v e l  of  about 25 watts p e r  square meter, which occurred approxi- 
mately 4 minutes b e f o r e  r a d i o  communication was ended. 

The r e s u l t s  of i n d i r e c t  measurements i n  t h e  atmosphere of 
Venus performed on t h e  Sovie t  automatic  s t a t i o n s  Venera-5 and 

 ene era-6 are  d i f f i c u l t  t o  overes t imate .  The j o i n t  experiment 
was f i r s t  c a r r i e d  ou t  by two automatic s t a t i o n s  which probed t h e  
atmosphere of  Venus a t  two ad jacent  reg ions  of t h e  p l ane t  almost 
s imultaneously.  
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(Capt ion page 56 ) :  Cross s e c t i o n  of t h e  atmosphere of  Venus based 
0'1 r e s u l t s  of  measurements by t h e  au tomat ic  s t a t i o n s  Veriera-4, -5, 
-6, Mariner-5 and c a l c u l a t e d  data. 

The unusual  s c i e n t i f i c  data  ob ta ined  provided a great amount 
of in fo rma t ion  about  t h e  puzz l ing  p l a n e t ,  c l a r i f i e d  the  s t r u c t u r e  
of  i t s  atmosphere and p r o c e s s e s  o c c u r r i n g  i n  i t .  

"The completion of t h i s  complex experiment p o i n t s  t o  the h igh  
l e v e l  of  s c i e n c e  and technology i n  t h e  S o v i e t  Union" - t h u s  wrote  
t h e  Varshavskaya newspaper "Tribune of t h e  People". 

"The Russians have performed ext remrly  impor tan t  s c i e n t i f i c  
experiments .  
t h e  in fo rma t ion  obta ined .  These data w i l l  h e lp  t o  s o l v e  some o f  
t h e  puzz le s  of Venlis" - wrote  t h e  w e l l  known Eng l i sh  s c i e n t i s t  
Bernard Lowell. 

It is  imposs ib l e  t o  ove res t ima te  the s c i e n t i f i c  v d u e  Of 

'!The new v i c t o r y  of o u r  s c i e n c e  and technology i n  s t u d y i n g  
space  was p o s s i b l e  due t o  t h e  h e r o i c  work of a l l  t h e  S o v i e t  people".  
This  was w r i t t e n  i n  t h e  welcome of t h e  C e n t r a l  Committee of t he  
Communist P a r t y  of t h e  S o v i e t  Union, Presidium o f  t h e  Upper USSR 
Sov ie t  and t h e  USSR Sov ie t  of M i n i s t e r s .  T h i s  s c i e n t i f i c  v i c t o r y  
was completed when our  e n t i r e  country had new achievements of 
l a b o r  i n  b u i l d i n g  communisim and observed t h e  hundred year anni- 
v e r s a r y  of t h e  b i r t h  of V . I .  Lenin - t h e  founder  o f  t h e  Communist 
Pa r ty  of t h e  Sov ie t  Union and t h e  founder  of 9 government of 

workers and farmers, which was t h e  f irst  i n  t h e  world.".  A l l  t h e  
achievements o f  workers ,  t e c h n i c i a n s ,  z n g i n e e r s ,  and s c i e n t i s t e  
of ou r  country were ded ica t ed  t o  t h i s  c e l e b r a t i o n .  
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VENERA-7 - FIRST INFORMATION FROM THE SURFACE OF THE MYSTERIOUS 
PLAIJET 

It i s  c h a r a c t e r i s t i c  of  Sov ie t  s c i e n c e  and technology t o  - 157 
so lve  i n  a sys t ema t i c  and consecut ive  way any problems concerning 
it .  While t h e  workers i n  t h e  f a c t o r i e s  b u i l t  t h e  s t a t i o n s  Venera-5 
and Venera-6, t h e  des igne r s  worked on new v a r i a t i o n s  o f  t h e  descent  
capsule .  

The automatic  s t a t i o n s  Venera-5, on i 6  May 1969, and Venera-6 
on 17 May 1969, cont inued t h e  i n v e s t i g a t i o n s  of t h e  atmosphere of 
Venus begun by Venera-4. D i rec t  measurements or" the  atmospheric  
composition, pressure,  and tempera ture  were performed down t o  an 
a l t i t u d e  of  20  k i lome te r s  above t h e  s u r f a c e  o f  t h e  p l a n e t .  

The data from these measurements provided a basis f o r  c r e a t i n g  
a s c i e n t i f i c a l l y  based model of t h e  atmosphere of  Venus. According 
t o  t h i s  model t h e  average temperature  on the s u r f a c e  of t h e  p l a n e t  

2 is about 590OC and t h e  p r e s s u r e  i s  somewhat g rea t e r  t h a n  100 kG/cm . 

Under these cond i t ions ,  t h e  d e n s i t y  of  gases on t h e  s u r f a c e  
must b e  i n  a l l  t e n  times less  than  t h e  d e n s i t y  of water. 

However, i n  s p i t e  o f  t h e  informat ion  ob ta tned ,  i t  coiild n o t  
be  asserted t h a t  t h e  atmospheric  parameters  of  Venus i n  t h e  deep 
layers followed t h e  model assuned. 

A knowledge of t h e  a c t u a l  change of these  parameters  g rea t ly  
ass is ted i n  ob ta in ing  an answer t o  s e v e r a l  important  problems 
regard ing  t h e  n a t u r e  and e v o l u t i o n  of  ?he  atmosphere of  Venus, 
i nc lud ing  processes  e x p l a i n l n g  t h e  unusual thermal regime of t h e  
p l a n e t ,  which l e d  t o  g r e a t  d i f f e r e n c e s  i n  t h e  s t r u c t u r e  of t h e  a t -  
mosphere of adJacent  p l a n e t s  - t h e  Ea r th  and Venus. 
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The most complex s c i e n t i f i c - t e c h n i c a l  problem was p laced  bt: 
f o r e  t h e  des igne r s  and s c i e n t i s t s ,  t o  b u i l d  a device  which w0u.1~ 
have t h e  s t r e n g t h  of a bathyscape,  which could s u s t a i n  a p r e s s u r e  
of  a k i lometer  of  water and could t h u s  resist  t h e  a c t i o n  o f  very 
high tempera tures  and could main ta in  t h e  o p e r a t i o n a l  capac i ty  o f  
a l l  t h e  onboard systems when t h e  dev ice  w?s lowered i n t o  t h e  at-  
mosphere of  t h e  p l a n e t  m a  reached i t s  s u r f a c e .  

T h i s  devlce  was b u i l t  by Sov ie t  eng inee r s  and des igne r s .  

On 17  August 1970 t h e  a u t o n a t i c  s t a t i o n  Venera-7 s t a r t e d  
towards Venus. On 15 December 1970 a f t e r  f o u r  months of f l i g h t  
t h i s  s t a t i o i i  reached t h e  p l a n e t ,  l anded ,  and f o r  2 3  minutes trans- 
mitted s c i e n t i f i c  in format ion  frorn the s u r f a c e  f Venus. 

The d i r e c t  t r a n s m i t t a l  of s c i e n t i f i c  i n fc rma t inn  t o  t h e  E a r t h  
from t h e  s u r f a c e  of a , o t h e r  p l a n e t  i n  t h e  s o l a r  s y s t e m  was the 
f i r s t  occass lon  t h i s  had happened i n  t h e  h i s t o r y  of  space r e s e a r c h .  

The a u t o n a t i c  s t a t i o n  Venera-7 was developed or. t h e  bas i s  of 
exper ience  obta ined  by Venera-5 ana Vencra-6, and a l s o  on t h e  h a s i s  
of i n v e s t i g a t i o n s  o f  t h e  atmosphere o f  Venus made by  t h e s e  s t z t i c n s .  

The o r b i t a l  cmpaartment of t h e  s t 2 t i o n  and i t s  s y F t e m s ,  which 
had a l r eady  been r epea ted ly  checked i n  space ,  reczained p r a c t i c a l l y  
unchanged. 

The desi:ent capsule  of Venera-7 was dc.s:.gned anew and des! j.:rled 

f o r  an external .  p r e s e u r e  up t c  180 kG/cm2, 
t o  provide  the necss:. rbry temperdtiJre r e g i r e  wi th in  t h e  desf -an t  cap- 
s u l e  du r ing  aerbdyr.mi5. c b r a k i r , g  dur ing  e n t r y  i n t o  t h e  at-yosphere 
of Venus, when t h e  gas tempera ture  3n t h e  nose s u r f a c e  of t h e  des- 

cent  capsule  would r each  il,OOO°C end when it  would. ~':?n: ? for 
1 - 1 .5  hours  i n  t h e  atmosyhere of  t h e  p l a n e t  a t  a temperature  of 

t 54OOC. 

I t s  heat insglat.i.;:1 had - /58 
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(Caption page 58): F l i g h t  path of t he  s t a t i o n  Venera-7. 

A change i n  t h e  s t r u c t u r e  of t h e  descent  capsule  l e d  t o  an  
i n c r e a s e  i n  i t s  m a s s  as compared wi th  the descent  capsules  of  t h e  
s t a t i s n s  Venera-5 and venera-6. The mass of the descent  capsLle 
of Venera-7 was about 500 kilograms. The t o t z l  mass of t h e  s t a t i o n  
was l.180 kilograms. 

As noted above, t h e  descznt  capsule  of  Venera-7 was designed 
not  only t o  probe and i n v e s t i g a t e  the  atmosphere of Venus, b u t  
a l s o  t o  provide f o r  ope ra t ion  of t h e  s c i e n t i f i c  equipment immedia- 
t e l y  on t h e  s u r f a c e  of the  p l a n e t .  

I n  t h i s  connect ion,  t h e  descent  capsule  of t h e  s t a t i o n  Venera-7 
an6 it.; thermal  i n s u l a t i o n  were redesigned. based on t h e  o p e r a t i o n a l  
condi t ions  f o r  a p r e s s u r e  of 150 k3/cm2 and a tempera ture  o f  54OOC. 

The cons t ruc t ion  of t he  parachute  s y s t e m  of  t h e  descent  cap- 
s u l e  was grea t ly  changed (as compared w i t h  the  s t a t i o n s  Venera-5 
and Venera-6). These s t r u c t u r a l  changes made i t  p o s s i b l e  t o  pass 
through the upper layers of t h e  atmosphere of Venus a t  a g r e a t e r  
v e l o c i t y  and provided a more f avorab le  tempera ture  regimr i n  the  
descent  capsule  i n  t he  r eg ion  of descent  no t  be ing  s t u d i e d  (below 
20 k i lome te r s )  and on t h e  s u r f a 2 e  of’ t he  p l a n e t .  The canopy of  
t h e  parachute  was made of  h e a t - r e s i s t a n t  material  de signed t o  oper- 
ate a t  temperatures  up t o  +53OoC. 

There was a new element i r l  t h e  cons t ruc t ion  of t h e  descent  
zapsule - a shock absorber desigr2d t o  decrease  t h e  over loads  a t  
t h e  moment the descent  capsula  reached t h e  s u r f a c e  of ?.he p l a n e t .  

The form of t%e  desceriA capsule  was changed also. I n  p rec td -  
i q g  s t a t i o n s  i t  was s i m i l a r  t o  +he  S!-~.-?F, of a sphe re ,  b u t  now only 

2 the  i n t e r n a l  s t r o n g  housing designea f o r  pressure up t o  150 hG/cm 



(Caption page 59): Descent capsule  of t h e  s t a t i o n  Venera-7: 
1- Mechanical damper; 2- Power housing; 3- Thermal i n s u l a t i o n ;  4- 
Commutat.ion u n i t ;  5- Heat exchanger;  6- Cover o f  parachute  com- 
partment;  7- Parachute;  8- Transmi t t i ng  antenna;  9- Radio trans- 
mit ter ;  10- Aerodynamic damper. 

had this form and the  e x t e r n a l  housing had a c i r c u m e l i p t i c a l  form. 

covering of t he  parachute  compartment, and it con ta ins  the  aerody- 
namic s t a b i l i z e r .  

The nose p o r t i o n  has so much g r e a t e r  dimensions than  t h e  upper /60 

The hermetic  compartment o f  the descext  capsule  - the equip- 
ment compartment - c m t a i n s  r a d i o ,  t e l e m e t r y  and s c i e n t i f i c  equip- 
ment, the  automatic  p rocess ing  u n i t s ,  power sources ,  heat c o n t r o l  
sys tems c o n s i s t i n g  of fans and heat exchangers,  and a mechanical 
damper f o r  e l i m i n a t i n g  ope ra t ions  of the descent  capsule  du r ing  i t s  
f l i g h t  i n  t he  atmosphere of the  p l a n e t .  

The upper s e c t i o n  of t h e  descent  capsu le ,  above the  equipment 
compartment, contafns  a paractlute compartment, i n  which there  is  
a t r a n s m i t t i n g  antenna of t he  r a d i o  equipment, s enso r s  of  t h e  s c i -  
e n t i f i c  equipment, and an antenna of t h e  radio altimeter i n  a d d i t i o n  
t o  t h e  parachutes .  

Separa t ion  chai-ges a r z  used t o  c l o s e  the  parachute  compartment 
w i t h  a hermetic cover ,  which i s  f i r e d  a f t e r  e n t r y  of t h e  descent  
capstile i n t o  t h e  dense layers o f  t h e  atmosphere and braking  a t  a 
v e l o c i t y  of  about 260 meters p e r  second, and t h e  parachute  s y s t e m  
is  put  i n t o  ope ra t ion .  

FLIGHT TO VENUS 

The automatic s t a t i o n  Vehera-7 was launched a year and a h a l f  
a f t e r  t h e  launch o f  Venei and Venera-6, on 1 7  August 1970 a t  
8 hours 38 minutes Moscow time. A t  9 hours 59 minutes ,  t h t  l a s t  
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stage of the  iaocket-ca?r ier ,  o p e r a t i n g  f o r  244 seconds,  imparted 
a v e l x i t y  t o  the s t a t i o n  which was somewhat greater than  the  
second s t a g e  v e l o c i t y ,  and Venera-7 was launched on a f l i g h t  tra- 
j e c t o r y  t o  t h e  "morning star". 

The problem of  i n t e r p l a n e t a r y  f l i g h t ,  i n  s p i t e  o f  the  f a c t  
t h a t  it i s  customary (man r a p i d l y  gets  used t o  space f l i g h t )  s t i i l  
involved enormous d i f f i c u l t i e s .  

It i s  s u f f i c i e n t  t o  r e c a l l  s e v e r a l  f i g u r e s  t o  prove t h e  v a l i -  
d i t y  of  these words. 

moves a long  an o r b i t  w i th  a v e l o c i t y  of 107 thousand k i lome te r s  
p e r  hour. After covering a d i s t a n c e  of about 320 m i l l i o n  k i l o -  
meters, i t  must reach  Venus, which has a sizz o f  12 ,000  k i lome te r s  
i n  a l l  ( i n  angu la r  dimensiops, one minute)  and moves a t  a v e l o c i t y  
o f  125 thousand k i lometers  per  hour.  

A s t a t i o n  i s  launched from the Ea r th ,  w h i m  

I f  there  were ari e r r o r  of 0.01% d u r i n g  the  launch of t h e  rocke t ,  
then  it would m i s s  Venus by 70 thousand k i lome te r s .  It i s  obvious 
t h a t  under these c o n d i t i o n s  it i s  alm3st impossible  t o  hafe a s t a t i o n  
f l y  t o  Venus i n  a c a l c u l a t e d  amount of time and a r r i v e  a t  a given 
reg ion  of t h e  p l a n e t ' s  s u r f a c e .  TherefoFe, i n  t h e  r a d i o  communi- 
c a t i m  s e s s i o n s  t r a j e c t o r y  measurements were performed which made 
it p o s s i b l e  t c  determine the  s t a t i o n  f l i g h t  t r a j e c t o r y  parameters, 
the d i s t a n c e  w i t h i n  an accuracy of  1 k i lome te r ,  and the  radial  
v e l o c i t y  w i t h i r  an accuracy of 2 cen t ime te r s  p e r  second. 

The p o s i t i o n  of Veilus w i t h  r e s p e c t  t o  the  Earth could be de- 
f ined  more a c c u r a t e l y  a t  t h e  same time by means cf radar equipment. 
Data from the  t r a z e c t o r y  and rada? measurements could be used t o  
c a l c u l a t e  t he  i n i t i a l  data and t o  c o r r e c t  t h e  t r a j e c t o r y .  These 
data were t r a n s m i t t e d  a long  the r a d i o  channels onboard t h e  s t a t i o n  
t o  a memory device  of t h e  c o n t r o l  s y s t e m .  After t h i s ,  i n  accor- 
dance wi th  t h e  f l t g h t  program, onboard automatic  equipment was used 
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t o  c a r r y  o u t  two t r ? j e c t o r y  c o r r e c t i o n  s e s s i o n s .  

The first c o r r c c t i c n  s e s s i o n  was carried ou t  on 2 October 1970, 
when t h e  s t a t i o n  was a t  a d i s t a n c e  o f  about 17 m i l l i o n  k i lome te r s  
from the  E a r t h ,  and t h e  second was held on 17  November 1970, when 
t h e  d i s t a n c e  was 31 m i l l i o n  k i lome te r s .  

As subsequent  t r a j e c t o r y  measurements showed, as a r e s u l t  o f  
these two maneuvers, t he  s t a t i o n  Venera-7 changed from a f l i g h t  
t r a j e c t o r y  t o  an  e n t r y  t r a j e c t o r y  . 

The i n t e n s i t y  of cosmic r a y s  was measured duri l ig  t he  f l i g h t  
by means of a r a d i a t i o n  dos imeter  i n  t he  o r b i t a l  compartment o f  
t h e  s t a t i o n .  The va lue  of these measurements l a y  i n  t h e  fact  t h a t  

at  t h e  same t i m e ,  by means of  ana log  e q u i p s e n t ,  i n v e s t i g a t i o n s  were 
performed on Lunokhod-1 p l aced  on the  Moon by t h e  au tomat ic  s t a t i m  
Luna- 17. 

On 5 December 1970, when the s t a t i o n  was 1 m i l l i o n ,  300 thou- 
sand k i l o m e t e r s  from Venus, p r e l i m i n a r y  o p e r a t i o n s  began f o r  t h e  
f i n a l  f l i g h t  stage - encry  i n t o  t h e  atmosphere of t h e  p l a n e t .  

For  t h i s  purpose,  on command from the Ea r th ,  t h e  chemical 
s o u r c e s  o f  e l e c t r i c  powex’ o f  t h e  descen t  capsu le  which u n t i l  t h i s  

t ine  were i n  an uncharged s ta te  ( i n  o r d e r  t o  i r c r e a s e  t h e i r  re l i -  
a b i l f t y )  were switched t o  t h e  solar b a t t e r y  f o r  cha rg ing  I n  
a d d i t i o n ,  d u r i n g  t h e  comi.wnication s e s s i o n  on 1 2  December t he  the rma l  
c o n t r o l  system of t h e  descen t  capsu le  was separated which maintained 
a tempera ture  w i t h i n  t h e  c r a f t  o f  +10-*20°C d u r i n g  t h e  apDroach. 
The desc,-nt  capsule  was cooled t o  -8OC t o  p rov ide  t h z  mst favor -  
able tempera ture  regime dur ing  descent  i n t o  t h e  atmosphere of Venus 
and l a n d i n g  on i t s  s u r f a c e .  These o p e r a t i o n s  were not  c a r r i e d  c u t  
on t h e  p reced ing  Venera s t a t i o n s .  These were new s t r u c t u r a l  fea- 
t u r e s ,  i n c r e a s i n g  t h e  r e l i a b i l i t y  and e f f i c i e n c y  of t h e  onboard 
equipmen,. 
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A t  a distance of  about 600 thousar.d Kilometers from Venus, 
t h e  s t a t i o n  f e l l  i n t o  the  sphe re  of a t t r a c t i o n  of t h i s  p l a n e t .  
From tha t  moment on, t h e  f l i g h t  v e l o c i t y  of t h e  s t a t i o n  began t o  
i n c r e a s e  and cont inue  t o  i n c r e a s e  up u n t i l  e n t r y  I n t o  t h e  atmos- 
phere. 

On 15 3ecember 1970, b e f o r e  t h e  s t a t i o n  e n t e r e d  t h e  atmosphere 
of Venus, at 5 hours  ?O minutes Moscow t i m e ,  t h e  1 2 4 t h  r a a i o  COG 

mun2.cation s e s s i o n  was begun -- t he  s e s s i o n  be fo re  r each ing  t h e  

p l a n e t .  I n  t h i s  s e s s i o n ,  teleaetry informat ion  about the  s t a t e  
o f  onboard systems w a s  t ransmitted t o  t h e  E a r t h ,  and t h e n  the sta- 
t i o n  and the narrow d i r e c t i o n a l  9 a r a b o l i c  an tenna  were po in ted  
toward the  Earth.  

A l l  of t he  ope ra t ions  i n  t h i s  case were perfc-Ted by means of 
automatic  equipment on the  s t a t i o n  according t o  a previous ly  fo r -  
mulated program. 

After the  120-day f l i g h t ,  on 15 December 1970 a t  7 hours  
58 minutes 38 seconds Moscow t i m e ,  when t h e  s t a t i o n  e n t e r e d  t h e  
atmosphere of he p l a n e t  a t  an a l t i t u d e  of  about 135 k i lome te r s ,  
t h e  descent  cb. : u l e  was au tomat i ca l ly  separated from t h e  o r b i t a l  
Compartment. Communication wit.h t h e  s t a t i o n  ceased. I n  o r d e r  t o  
provide abso lu te  s e p a r a t i o n  of t h e  descent  capsule  from the  o r b i t a l  
compartment, three independent programs were inc luded  i n  t h e  sep- 
a r a t i o n  system. The f i r s t  was s e p a r a t i o n  upon command from t h e  
programming equipment; t h e  second - s e p a r a t i o n  upon command from 
the  overload senso r  (over loads  a rose  dur ing  braking  of  t h e  s t a t i o n  - /62  
i n  t h e  upper l a y e r s  o f  the atmospnere of  Venus); t h e  :bird - when 
t h e  s t a t i o n  is  braked, t h e  o p t i c a l  device  l o s e s  t h e  E a r t h  from i t s  
f i e l d  of v i s i o n  and a l s o  t h e  command for sepa ra t ion .  F i n a l l y ,  
t h i s  command may be given p rev ious ly  from t h e  E a r t h  and, i T  t h e  
improbable occurred and not  one of these commands was g iven ,  then  
t h e  s e p a r a t i o n  took  p l ace  smoothly. The bands hold ing  t h e  descent  
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capsule  were not  des igned  f o r  a high temperature .  
and a s p e c i a l  device  pushed t h e  descent  capsule  away from the  
o r b i t a l  compartment. Under t h e  in f luence  o f  aerodynamic f o r c e s ,  
t h e  nose s e c t i o n  of t h e  descent  capsule  w a s  t u rned  towards t h e  

advancing flow, and was r e l i a b l y  held i n  t h i s  p o s i t i o n  by a spe- 
c i a l  damping device .  

They burned, 

During the aerodynamic braking ,  t h e  descent  capsule  v e l o c i t y  
wi th  r e s p e c t  t o  t h e  p l a n e t  decreased  from 11.5 kilometers p e r  
second t o  200 meters p e r  second, t h e  tempera ture  between t h e  shock 
wavca and the  nose s e c t i o n  of t h e  descent  capsu le  ho.:sing reached 
1 1 , O O O o C ,  and the  over load  had a maximum va lue  of 350 u n i t s .  

A t  7 hours  59 minutes 10 seconds Moscow t i m e ,  when the  descent  
capsule  was a t  an a l t i t u d e  cf about 6C ki lometers  above t h e  p l a n e t ’ s  
s u r f a c e ,  a t  an e x t e r n a l  p r e s s u r e  on t h e  o r d e r  o f  0.7 kG/cm , t h e  

cover  o f  t h e  parack. .ce compartment was removed, and t h e  pa racha te  
and the r a d i o  equippent  of t h e  descent  capsule  went i n t o  ope ra t ion .  
The separa t ic . .  uf t h e  narachute  compartment cove? a ~ c i  t h e  a c t i v a -  
t i o n  o f  t h e  parachute  s y s t e m  w ,-e d u p l i c a t e d  by commands from d i f -  

f e r e n t  systems. 

z 

The descent  capsule  was i n  communication w i t h  t h e  Ea r th .  

On 15 D0’3ember a t  8 hours 3 4  minutes 10 seconds Moscow time, 
t h e  descent  capsule  of  Venera-7 landed on t h e  n i g h t  s ide  o f  t h e  
p l a n e t  2,000 k i lometers  from t h e  marning t e rmina to r .  

A t  t h i s  t i m e  the  d i s t a n c e  between t h e  E m t h  and Venus was 
about 60.6 m i l l i o n  k i lome te r s .  The r a d i o  s i g n a l  from t h e  descent  
capsuit\ (and from t h e  s t a t i o n  du r ing  t h e  s e s s i o n  as the  planet 

was approached) covered t h i s  d i s t a n c e  i n  t h r e e  ninutss 2 8  s?:L2nds. 

Therefore ,  t.he t i n e  i n d i c a t e d  ‘.n t h e  s e s s i o n  a s  t h e  p l ane t  was 
approached r e f e r s  t o  t h e  t ime t h e  event was completed on Venus .  



(Caption page 6 3 )  : 
Venera-7. 

Ter.,pwitu;-e measurement performed by t h e  s t a t i o n  

RESULTS OF SCIENTIFIC INVESTIGATIONS 

As has a l r e a d y  been no ted ,  d u r i n g  t h e  f l i g h t  of  Venera-7 mea- 
surements were made a long  the  t r a j e c t o r y  o f  t he  i n t e n s i t y  of  cosmic 
rays. S o l a r  f lares  and t h e  d y n m i c s  o f  t h e i r  development i n  space  
and i n  t i m e  were recoi2ded by equipment c a r r i e d  on Venera-7, Lunokhod- 
1, the  Ea r th  sa te l l i t es ,  ruld o b s e r v a t o r i e s  on the  Ea r th .  Observa- 
t i o n s  of  a powerful  chromosphere f lare  which began 1 0  December 1970 
were o f  p a r t i c u l a r  i n t e r e s t .  

The p r e s s u r e  and tempera ture  s e n s o r s  c a r r i e d  on t h e  descent  
capsule  of Venera-7 made i t  p o s s i b l e  t o  measure the  p r e s s u r e  i n  a 
range from 0.5 t o  150 atmospheres  and a tempera ture  from 25 t o  
54OOC. 

The rate at wnich the  c r a f t  descended i n t o  the  atmosphere of 
t h e  p l a n e t  could be recorded  by t h e  change i n  t h e  r a d i o  s i g n a l  
frequency (Doppler e f f e c t )  t r a n s m i t t e d  t o  t h e  Earth from t h e  des- 
cen t  capsule .  For t h i s  purpose,  very s t a b l e  frequency g e n e r a t o r s  
on t h e  descen t  capsu le  were used,  and s e v e r a l  times d u r i n g  t h e  
f l f g h t  t h e y  were c a l i b r a t e d  and t h e i r  r e a d i n g s  were compared w i t h  

a r e f e r e n c e  frequency.  Th i s  made it p x s i b l e  t o  measure t h e  des- 
cent  capsu le  descen t  v e l o c i t y  i n  t h e  atmosphere of t h e  p l a n e t  w i t h  

g r e a t  accuracy.  The p a t h  dista1,ze t r a v e r s e d  was determined 
from t h e  time of  descen t .  

Af t e r  t h e  descen t  capsu le  landed on t h e  s u r f a c e  of Venus, 
equipment on t h e  Earth c sn t inued  t o  Yeceive s i g n a l s  f o r  2 3  m i r , u t e s .  
The magnitude of t h e  s i g n a l  r ece ived  a f t e r  t h e  landiKg was 1 0 0  

t imes less  than  d u r i n g  t h e  landing .  T h i s  could be e x p l a i r e d  by 

t h e  d e v i a t i o n  of t h e  axis  of t h e  descent  capsii le an tenna  from ':kc 
d i r e c t i o n  toward t h e  E a y t h  ( i n c l i n a t i o n  of t h e  capsu le )  a f t e r  
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l anding .  Due t o  a s p e c i a l l y  developed method and t h e  use  of  e l ec -  
t r o n i c  computers, it was p o s s i b l e  t o  separate t h e  u s e f u l  s i g n a l  
from t h e  r a d i o  i n t e r f e r e n c e  and t o  decipher  i t .  

As a r e s u l t  of p r o c e s s i n g  and ana lyz ing  t h e  telemetry i n f o r -  
mation t ransmit ted from t h e  descent  capsu le  d u r i n g  i t s  descen t  and 
on t h e  s u r f a c e  o f  t h e  p l a n e t ,  i t  was established t h a t  i n fo rma t ion  
was transmitted from t h e  capsu le  only  about the tempera ture  of  t he  
sur rounding  medium - t h e  most Important  parameter o f  t h e  atmosphere 
of Venus. As r e s u l t s  o f  measuremenbs showed, a f te r  t h e  1andir.g 
t he  tempera ture  of t h e  sur rounding  medium d t d  n o t  change du r ing  
the e n t i r e  t i m e  t h a t  t h e  r a d i o  t r a n s m i t t e r  was i n  o p e r a t i o n .  

Based on t h e  t i m e  of d e s c e n t ,  v e l o c i t y ,  and tempera ture  change, 
t he  l a w  governing the a l t i t u d i n a l  change i n  tempera ture  down t o  
t he  s u r f a c e  of t h e  p l a n e t  was determined.  It was found t h a t  t h e  

l a w  governing t h e  tempera ture  change ( i n  t h e  measurement s e s s i o n )  
was c l o s e  t o  an a d i a b a t i c  law. Th i s  was o f  very  great s c i e n t i f i c  
importance f o r  understanding o t h e r  p r o c e s s e s  o c c u r r i n g  on Venus. 

The f l i g h t  of  Venera-7 r e p r e s e n t e d  t h e  beginning  of  d i r e c t  
experiments  on t h e  s u r f a c e  o f  Venus. The most complex eng inee r ing  
problems have been s o l v e d  - o b t a i n i n g  s c i e n t i f i c  da ta  under  condi- 
t i o n s  o f  uriusually high p r e s s u r e  arid tempera ture .  The c o r r e c t n e s s  
of  t h e  s t r u c t u r a l  s o l u t i o n s  s e l e c t e d  when b u i l d i n g  Venera-7 was 
confirmed . 

The s c i e n t i f i c  r e s u l t s  t r a n s m i t t e d  by t h e  au tomat ic  i n t e r p l a n e -  / 6 4  - 
t a r y  s t a t i o n  Venera-7 g r e a t l y  expanded o u r  knowledge about t h e  
p l a n e t  c l o s e s t  t o  t h e  Ear th .  Sov ie t  s c i e n c e  av6 technology have 
taken  a v e r y  impor tan t  s t e p  I n  s t u d y l n g  space and t h e  p l a n e t s  o f  
t h e  s o l a r  sys ten . .  
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(Capt ion page 6 4 ) :  F l i g h t  diagram o f  t h e  s t a t i o n  Venera-8. 

VENERA-8 - FIRST ON THE DAY SIDE OF THE PLANET 

t l A l h n r y s  forward ,  do n o t  s t a n d  s t i l l ,  forward. The u n i v e r s e  
belongs t o  mankind." 

These words belong t o  t h e  famous Russian s c i e n t i s t ,  t h e  

founder  o f  cosmonaut ics ,  K.E. Ts io lkovsk iy .  It is  imposs ib le  t o  
be t te r  c h a r a c t e r i z e  t h e  S o v i e t  program f o r  s t u d y i n g  t h e  Moon, t h e  
p l a n e t s  and space .  

On 27 March 1972 the  s t a t i o n   ene era-8 s t a r t ed  towards Venus 
w i t h  a mass of 1184 ki lograms.  117 days were r e q u i r e d  f o r  i t s  
f l i g h t  t o  t he  "morning star". Only once,  on 6 Apr i l  1972, was it 
necessary  t o  perform a t r a j e c t o r y  c c r r e c t i o n  t o  assure t h a t  t h e  s ta-  
t i o n  l a n d  i n  t he  given r eg ion  o f  t h e  p l a n e t .  T h i s  problem was 
more complex as compared w i t h  t h o s e  which had t o  be so lved  by  b a l -  

l i s t i c s  du r ing  the  f l i g h t s  o f  t h e  p rev ious  Venera s t a t i o n s .  

The problem was complox due t o  t h e  f a c t  t h a t  i t  was f i rs t  nec- 
essary t o  land  the  descen t  capsu le  on t h e  i l l u m i n a t e d  s i d e  of 
Venus. T h i s  rn-ant t h a t  t he re  were requi rements  on t h e  accuracy 
of  completing a l l  t h e  f l i g h t  maneuvers, s i n c e  che boundarie:, o f  
t h e  c a l c u l a t e d  "eritr; c o r r i d o r "  a long  which t h e  descen t  capsu le  

. had t o  move durir,g t h e  f i n a l  f l i g h t  s t a g e  d u r i n g  e n t r y  i n t o  t h e  
atmosphere of Venus were very c lose .  

A s  Me now know, t h e  o r b i  of  Venus i s  w i t h l n  t h e  o r b i t  of t h e  

E a r t h ,  and i n  t h e  p e r i o d  o f  t h e  c l o s e s t  d i s t a n c e  between t h e  E a r t h  
and Venus, Venus I s  l o c a t c  1 almost on a stral.g:.t l i n e  between t h P  

E a r t h  and t h e  Sun. Thc-efore ,  f o r  t h e  observer  011 "le Ea r th  a la rge  
p o r t i o n  o f  t h e  d i s c  of t h e  p l a n e t  i s  n c t  - 4 s i b l e .  It i s  l o c a t e d  
i n  t h e  shade, and m l y  the  edko of Veiiui i s  1 l l u n i n a t : d .  It  was 
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necessary  t h a t  t h e  s t a t i o n  Venera-8 land  on t h i s  i l l u m i n a t e d  edge. 

A l l  the  previous  Vener*a s t a t i o n s  made a l and ing  only  on t h e  
n i g h t  s ide  o f  t h e  p l a n e t .  
co r r ido r"  were c a l c u l a t e d  as fo l lows :  t h e  lower toundary - from 
the  cond i t ion  o f  t h e  maximum permissible  overloads provid ing  f o r  
t he  integrity of  t h e  descent  capsule ,  and the  upper - from t h z  
condi t ion  t h a t  as a r e s u l t  of  aerodynamic braking  i n  t h e  atmosphere 
of t h e  p l a n e t  the descent  capsule  was "captured" by the f o r c e s  of  
a t t r a c t i o n  of Venus, and it made a landing  a t  t h e  subEarth p o i n t .  
I n  t h i s  case ,  the  problem o f  t r a n s m i t t i n g  informat ion  was g r e a t l y  
s i m p l i f i e d ,  s i n c e  the  E w t h  i s  always l o c a t e d  a t  t h e  z e n i t h  - i n  
the  " f i e l d  of view" of t h e  narrow d i r e c t i o n a l  antenna o f  t h e  descent  
capsule .  

Therefore ,  the  boundaries  of  t h e  "ent ry  - /65 

During the f l i g h t  of Venera-8, ili a d d i t i o n  t o  t h e  above re- 
quirements ,  it was ne;essary t o  l and  a t  the i l l umina ted  edge o f  
Venus and t o  land  i n  a c i r c l e  wrbh a r a d i u s  o f  500 k i lometers  i n  
all. The c e n t e r  o f  t h i s  c i r c l e  had t o  be a d i s t a n c e  of  300 kilo- 
meters from t h e  c e n t e r  of t h e  p l a n e t  d i s c .  

These a d d i t i m a l  reqilirements were p r e d i c a t e d  b y  the  l o c a t i o n  
of  t he  landing  ( b a l l i s t i c  requirements)  and the  cond i t ions  o f  ra- 
d i o  communication. I n  t h e  case of  l and ing  on t h e  edge of t h e  

sphere o f  Venus, t h e  E a r t h  would be a t  z e n i t h  and i f  the  landing  
d id  not  occur  i n  the  c a l c u l a t e d  r eg ion ,  it would b e  o u t s i d e  of the  
f i e l d  of v i s i o n  of t h e  descent  capsule  antenna and it would be 
impossible  t o  t r a n s m i t  i n f o r n a t i o n .  

I n  o r d e r  t o  meet a l l  of t h e  abov? cond i t ions ,  t h e  angle  at  
which t h e  descent  capsule  en te red  the  atmosphere of  Venus ( w i t h  

r e s p e c t  t o  t he  l o c a l  v e r t i c a l )  had t o  be approximately 13O. I f  
it were less ,  t h e  descent  capsule  would land on t h e  n ight  s i d e  
of t h e  p l a n e t .  I f  i t  were g r e a t e r ,  i t  would " s t r i k e "  the! atmos- 
phere and pass  by t h e  p l a n e t .  



(Capt ion page 66): 
1- S e p a r a t i o n  of the descen t  capsu le  from the  o r b i t a l  compartment; 
2- S t a b i l i z a t i o n  and aerodynamic b rak ing ;  3,4-  Removal of cover  
and beginning  of a c t i o n  of parachu te  system; 5- Beginning a c t i o n  
of drogue parachute; 6- Beginning a c t i o n  of main pa rachu te ;  7- Open- 
i n g  of altimeter antenna;  8- S e p a r a t i o n  of  pa rachu te .  

Landing diagram of t h e  s t a t i o n   ene era-8: 

How complex it was t o  s o l v e  t h i s  problem becomes c l e a r ,  i f  

we r e c a l l  t h a t  at  t h e  moment tha t  Venera-8 l e f t  the  Earth,  t h e  
d i s t a n c e  between the  p l a n e t s  was % 1 2 5  m i l l i o n  k i lome te r s !  

It must be  noted  t ha t  t he  accuracy of  b a l l i s t i c  c a l c u l a t i o n s  
and t h e  performance of  these c a l c u l a t i o n s  were as tounding .  The 
space  "sharpshooters"  had t o  l and  a t  a g iven  p o i n t  of a t e n  kopeck 
co in ,  moving a t  a v e l o c i t y  of 60 k i l o m e t e r s  p e r  hour  a t  a d i s t a n c e  
o f  80 meters from t h e  i n d i c a t o r .  

Passing ove r  303  m i l l i o n  k i l o m e t e r s  on i t s  space  f l i g h t ,  t he  

automatic  s t a t i o n  Venera-8 reached t h e  v i c i n i t y  of Venus. During 
the  e n t i r e  f l i g h t  t ime,  t h e  s t a t i o n  was i n  a regime of cons t an t  
s o l a r  b r i e n t a t i o n  (except  f o r  t h e  t r a j e c t o r y  c o r r e c t i o n  s e s s i o n  and 
i n d i v i d u a l  communicaticn s e s s i o n s ,  when t h e  t r a n s m i s s i o n  took  p l a c e  
through a narrow d i r e c t i o n a l  p a r a b o l i c  an tenna  3-n o r d e r  t o  i n c r e a s e  
t h e  volume of  i n fo rma t ion  t r a n s m i t t e d ) ,  which provided f a v o r a b l e  
o p e r a t i o n a l  cond i t ions  f o r  t h e  s o l a r  b a t t e r i e s  and t h e  thermal c o n t r o l  
system. 

For s e v e r a l  days b e f o r e  t h e  s t a t i o n  e n t e r e d  t h e  atmosphere of 
Venus, r a d i o  communication s e s s i o n s  were h e l d  i n  which the  equip-  
ment compartment was cooled  a long  w i t h  s p e c i a l  equipment - heat 
abso rbe r s  i n  @?der t o  dec rease  t h e  h e a t i n g  r a t e  of equipment l o -  
ca t ed  i n  the equipment compartment and t o  t h u s  i n c r e a s e  the dura-  
t ;on of  i t s  o p e r a t i o n ,  as well  as t h e  time of i n v e s t i g a t i o n s  i n  
t h e  hot  atmosphere of t h e  p l a n e t  and on i t s  s u r f a c e .  
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A t  t h e  same time t h e  bat ter ies  of t h e  descent  capsule  were 
0- /67 

charged, the  o p e r a t i o n a l  s t a t u s  of t h e  s c i e n t i f i c  equipment r a d i o  
devices  was checked, and a check was a l s o  made on t h e  thermal c o n t r o l  
systems and o the r  a u x i l i a r y  s y s t e m s  o f  t h e  descent  capsule .  

A s  was shown by the  data  from the  r a d i o  telemetry informat ion ,  
t h e  r e s e r v e s  o f  e l e c t r i c  energy i n  t h e  bat ter ies  corresponded t o  
t h e  c a l c u l a t e d  va lue ,  and a l l  of  t h e  onboard systems o f  t h e  descent  
capsule  opera ted  normally. 

A t  a d i s t a n c e  c r  about 50G thousand k i lometers  from Venus, 
the  f o r c e  of a t t r a c t i o n  became predominant , t h e  s t a t i o n  f l i g h t  
v e l o c i t y  inc reased ,  and it was 11.6 k i lome te r s  p e r  second when t h e  
s t a t i o n  e n t e r e d  the atmosphere of t h e  p l a n e t .  

On 22 June 1972, before the  s t a t i o n  en te red  t h e  atmosphere of 
Venus, a r a d i o  communication s e s s i o n  was h e l d ,  i n  which t r a j e c t o r y  
measurements were made i n  o r d e r  t o  d e f i n e  more p r e c i s e l y  t h e  moment 
of  e l l t r y  and t o  c o r r e c t  t h e  ope ra t ion  of t h e  a u x i l i u y  equipment 
on E a r t h .  S c i e n t i f i c  in format ion  was t r a n s m i t t e d  about t h e  c c i d l -  
t i o n s  1 space nea r  t h e  p l a n e t ,  data on t h e  ope ra t ion  of t h e  onboard 
systems of  t h e  s t a t i o n ,  and p r e p a r a t i o n s  were made t o  s e p a r a t e  t h e  
descent  capsule  from the o r b i t a l  compa.rtmznt. A t  t he  same time 
as t h e  r a d i o  communication sess;ons w i t h  Venera-8 (du r ing  the  
f l i g h t  only 86 s e s s i o n s  were h e l d )  radar measurements of t h e  Earth-  
Venus d i s t a n c e  were made. A s  a r e s u l t  of these measurements, a 
g r e a t  divergence was found (more than  500 k i lome te r s )  between t h e  
a c t u a i  an1 c a l c u l a t e d  (determined according t o  c l a s s i c a l ,  g e n e r a l l y  
assumed laws of mechanics) p o s i t i o n s  of Vbvlus a t  t h e  time of  mea- 
surement. These measurements made i t  p o s s i b l e  t o  determine pr*ecisely 
t h e  l o c a t i o n  of Vrnus a t  t h e  time t h e  descent  capsule  eii tered t h e  
atmosphere of  t h e  p l a n e t  w i th in  an accuracy of 2 20 k i lometers  and 
and t h e  e n t r y  t ime wi th in  an accuracy of  1 0 0  seconds.  
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A t  t e n  hours  40 minutes Moscow time ( I n  accordance w i t h  t h e  

c a l c u l a t i o n s )  t h e  descent  capsule  was sepa ra t ed  w i t h  a mass of 
495 kilograms from t h e  o r b i t a l  compartment. Then f o r  53 minutes 
t h e  o r b i t a l  compartment and %he descent  capsu le  c a r r j e d  ou t  s e p a r a t e  
f l i g h t s .  

A t  11 hours  3 3  minutes  communication w i t h  t h e  o r b i t a l  compart- 
ment ended. T h i s  meant t h a t  t h e  o r b i t a l  compartment and t h e  descc,?t 
capsule  had e n t e r e d  t h e  dense layers of  t h e  atmosphere. Only t h e i r  
fa tes  were d i f f e r e n t .  

After i t  had launched t h e  descent  capsule  in20  t h e  atmosphere 
of Venus, t h e  o r b i t a l  compaitment was des t royed .  The descent  cap- 
s u l e ,  equipped w i t h  a composite improved heat s h i e l d ,  p e n e t r a t e d  
t h e  incandescent  atmosphere o f  Venus. The aerodynamic braking  of 
t h e  descent  capsule  i n  t h e  atmosphere of t h e  p l a n e t  was cont inued 
f o r  1 8  seconds. The k i n e t i c  energy changed i n t o  thermal energy 
( t h e  v e l o c i t y  changed from 1 1 . 6  k i lome te r s  t o  250 meters p e r  Tecond, 
and t h e  gas  temperature  i n  t h e  ncse s e c t i o n  of t h e  capsule  inc reased  
t o  1 2 , 0 O O 0 C ) ,  and under t h e  i n f l u e n c e  of  t h e  over loads  t h e  weight 
of each component i nc reased  by a f a c t o r  of 335! 

After b rak ing  i n  t h e  atmosphere of Venus on command ( e i t h e r  

from t h e  overload s e n s o r  a t  a va lue  of g = 2 u n i t s  ori t h e  descend- 
i n g  branch,  o r  from the  comnuter) t h e  cover  of  t h e  parachute  com- 
partment was removed, t h e  drogue parachute  was intmoduced, and 
then t h e  main parachute  - 70% of  which was reefed - was u s e d  f o r  

a l t i t u d e  t h e  r e e f i n g  of t h e  parachute  was recorded a t  11 hours 
45 minutes ,  and t h e  descent  capsule  descended f a a r t h e r *  w i t h  a com- 
p l e t e l y  open canopy. 

11 miniltes t o  descend t o  an a l t i t u d e  of 30 k i lome te r s .  A t  t h i s  - 1 6 9  

A pyro technic  device removed t h e  cover o f  t h e  parachute  
compartment, a c t i v a t e d  t h e  drogue aiid main pa rachu tes ,  and removed 
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(Caption page 6 8 ) :  Descent capsule  of  t h e  s t a t i o n  Venera-8: 
1- Mechanical damper; 2- Radio t r a n s m i t t e r ;  3- Housing of i n s t r u -  
ment compartment ; 4- CommlJt at  io11 u n i t  ; 5- Aerodynamic damper; 6- 
Lower equipment frame; 7- Fan 8- Air  channels ;  9- E l e c t r i c  swi t ch ;  
10- Upper equipment frame; 11. Antenna-feed equipment u n i t  ; 12- 
P i p e l i n e  thermal c o n t r o l  s y s t e m ;  13- Antenria of supplemental  t r a n s -  
m i t t e r ;  14 -  Parachute  compartment; 15- Transmi t t e r  antenna (maip) ; 
16- Cover of parachute  compartment; 17- Drogue parachute ;  18- 
Main parachute  ; 19- Radioa l t imeter  antenna; 20- Pyrote  -hnic  u n i t  
f o r  cover  s e p a r a t i o n ;  21- T e l e m e t r y  u n i t ;  22- Heat exchanger;  23- 
Heat accumulator;  24- I n t e r n a l  thermal i n s u l a t i o n ;  25- Master 
gene ra to r ;  26- Cnmmutation u n i t  ; 27- Programming equipment ; 28- 
Exte rna l  thermal i n s u l a t i o n ;  29- Heat accumulator.  

t h e  s t r a n d s  of  t h e  main parachute  a f t e r  t h e  landing .  

. i f  it i s  r e c a l l e d  t h a t  t h e  brak ing  temperature  was above 
‘12 - I  I ’ P G ~ C ,  and t h e  tempera ture  a t  t h e  s u r f a c e  was about 5 O O 0 C ,  i t  
c i ~ i  b e  seen  t h a t  i t  was not  s imple  t o  produce r e l i a b l e ,  t ne rma l ly  
s t z b l e  pyr*otechnic equipment and a parsachute s y s t e m .  Only des igne r s  
who have mzde a parachute  s y s t e m  know how many experiments  m u s t  b e  

performed unt.:l a, mat2rial i s  found which can withstand t h e  velo- 
c i t y  head and t h e  tenperaLdre of t h e  atmosphere o f  Venus. 

The des igne r s  r e c a l l  t h a t  such was t h e  case  d u r i n g  t e s t s  on 
t h e  E a r t h .  

1nvL;’:tgations were made un samples of parachute  mater ia l  and 
t h e  suspension l i n e  f o r  t h e i r  s t r e n g t h  i n  a t ank  f o r  t e s t i n g  temp- 

e r a t u r e  and p r e s s u r e  n-isurifig equipment a t  a tempera ture  o f  more 
than  t 5 0 O o C  and a p r e s s u r e  of 1 0 0  kG/cm2 i n  a mediiio sf carbon d i -  

ox ide .  211 of  t h e  experiments  welae completed s u c c e s s f u l l y .  Ho:iever, 
when tes t s  of these samples were made i n  a wind tunne l  ( t e s t s  i n  
an incandescent  s t reu i i  o f  carbon d iox ide  a t  a flow ve loc icy  o f  250.. 

330 m e r s  p e r  second)  t h e  material and t h e  suspension frames weye 
s c a t t e r e d  and changed i n t o  d u s t .  For  a long time it. was not  under- 
s tood  what had  happened. 
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(Caption page 70): Descent capsule  of s t a t i o n  Venera-8 on s u r f a c e  
of the  p l a n e t  : 
1- Auxiliary antenna; 2- Sensors  of p r e s s u r e  and temperature  of t h e  
atmosphere; 3- Sensors  f o r  i l l umina t ion  measurement ; 4- Main antenna; 
5- A u x i l i a r y  antenna (before s e p a r a t i o n )  ; 6- Parachute  af ter  separa- 
t i o n .  

C l y  after the gas flow w a s  i s o l a t e d  from the  surrounding at- 
mospk re were the  experiments success fu l .  The cause of  t h e  des t ruc-  
t i o n  of the samples was atmospheric  oxygen which p e n e t r a t e d  i n  small 
amounts i n t o  t h e  strcam o f  carbon d iox ide ,  c a a i n g  o x i d a t i o n  o f  the 
material and t h e  suspension s l i n g s ,  which reduced t h e i r  mechanical 
st r e n  q th  . 

Thus, the  descent  capsule  o f  Venera-8 w a s  i n  t he  atmosphere 
of Venus. It had completed almozt an  hour  of descent  by parachute .  

The o rb i t a l  compartment w i t h  i ts  equipment, which was repea ted ly  
tested by space,  remained p r a c t i c a l 1 5  unchanged (as compared w i t h  

the  st a t i o n  Venera-7). 

I n  comparison w i t h  t he  re f inements  in t roduced  i n t o  t h e  para- 

meters Gf t h e  atmosphere of  Venus by t h e  s t a t i o n  Venera-7, there 
was a great r educ t ion  i n  t h e  c a l c u l a t e d  va lues  o f  t h e  braking  
load a c t i n g  on the  descent  capsu le ,  and t h e  maximum temperature  o f  
t h e  surrounding medium on the su r face  o f  Venus. 

This made i t  p o s s i b l e  t o  decrease  t h e  mass of t h e  descent  cap- 
s u l e  housing and t h e  thermal i n s u l a t i o n  and, due t o  a savings  i n  
mass, t o  i n s t a l l  a d d i t i o n a l  s c i e n t i f i c  equipment and srecial devices  
making it p o s s i b l e  t o  i n c r e a s e  the  o p e r a t i o n a l  t i m e  o f  t h e  equip- 
ment and t h e  sys tems when loca ted  on t h e  s u r f a c e  of t h e  p l a n e t .  

A decrease i n  t h e  mass o f  t h e  descent  capsule  housing had n3  
in f luence  on i t s  s t r e n g t h .  J u s t  as p rev ious ly ,  i t  could wi ths tand  



2 a p r e s s u r e  of 100 kG/cm , a tempera ture  o f  53OOC and a 100-fold 
impact over load  at  the  t i m e  o f  landing.  

Taking i n t o  account t h e  new l and ing  cond i t ions  on t he  "edge" 
of t h e  sphe re  o f  Venus and on t h e  i l l u m i n a t e d  s i d e  o f  t he  p l a n e t ,  
t he  des igne r s  had t o  s o l v e  new problems, 

The descent  capsule of Venera-8 might not  land  on a smooth 
l and ing  area. It might be on crv?vasses o r  on a narrow i n c l i n e ;  
i n  might be over turned  w i t h  t h e  parachute  compartment below. I n  
these cases the  s i g n a l  from t h e  h igh ly  d i r e c t i o n a l  antenna of  t h e  
descent  capsu le  could no t  reach t h e  E a r t h ,  s i n c e  even w i t h  a nor- 
mal l andfng  i n  the calcu'ated reg ion  o f  the  s u r f a c e ,  the  Earth 
could be at  t h e  edge o f  the f i e ld  of t h e  antenna p a t t e r n  of  
t h e  descent  capsu le  antenna. It was not  p o s s i b l e  t o  expar? t he  

angle  of t h e  antenna p a t t e r n  o f  the  spiral  antenna,  r i g i d l y  
a t t ached  t o  the  parachute  compartment, o r  t o  make the  descent  cap- 
s u l e  v e r t i c a l  after l and ing ,  as w a s  done on la ter  Luna s t a t i o n s  
i n  terms of w e i g h t  and s t r u c t u r a l  cons ide ra t ions .  

Therefore  t h e  descent  capsule  of  Venera-8 c a r r i e d  a second 
a u x i l i a r y  antenna,  connected w i t h  t he  r a d i o  equipment by a s p e c i a l  
heat -resis t a n t  cab le  . 

A t  t h e  moment t h e  descent  capsule  touched t h e  s u r f a c e ,  t h i s  
antenna was ejected from the parachute  compartment and i t  assumed 
a v e r t i c a l  p o s i t i o n  by means o f  3 s p r i n g  claws. T h i s  improved the  
r e l i a b i l i t y  of t h e  r a d i o  communications between the descent  caps=le  
and the  Earth.  When t h e  parachute  was extended,  r a d i o  communication 
was maintained by means of a s p i r a l  narrow d i r e c t i o n a l  antenna on 
the descent  capsule  (du r ing  aerodynamic braking ,  when t h e  descent  
capsule  was b lanketed  w i t h  plasma, communication was imposs ib le ) .  
After landing ,  when the a u x i l i a r y  antenna was extended,  t h e  compu- 
ter  p e r i o d i c a l l y  connected t h e  r a d i o  t r a n s m i t t e r  first t o  one, 



then  t o  the  o t h e r  antenna, Communication on one o r  t he  o t h e r  antenna 
was stable. 

The s e l e c t i o n  of the l and ing  s i t e  of  t he  descent  capsule  on t h e  

i l l u m i n a t e d  side of the  p l a n e t  w a s  n o t  a r b i t r a r y .  Another hypo- 
thesis (as war i n d i c a t e d  above) w a s  advanced t o  e x p l a i n  the  high 
temperature  and p r e s s u r e  va lues  on the s u r f a c e  o f  the p l a n e t .  
The v a l i d i t y  of any hypothes is  depended upon t h e  answer t o  t n e  
q u e s t i o n  of whether t h e  s o l a r  l i g h t  p e n e t r a t e d  the c loud  layer and 
the  dense atmosphere t o  reach the s u r f a c e  o f  the  p l a n e t ,  and whe- 

t h e r  there w a s  a temperature  drop between t h e  d i u r n a l  and n o c t u r n a l  
sides o f  t h e  p l a n e t ' s  s u r f a c e  between the  e q u a t o r i a l  and the  p o l a r  
r eg ions  

Observat ions performed on E a r t h  could n o t  g i v e  an answer t o  
. t h e  ques t ion  of i l l u m i n a t i o n  of t h e  p l a n e t ' s  su r f ace .  With respect 

t o  t h e  temperature  drop, r a d i o  as t ronomica l  obse rva t ions  and 
t h e o r e t i c a l  c a l c u l a t i o n s  i n d i c a t e d  t ha t ,  due t o  t h e  high heat cap- 
aci ty  of t h e  atmosphere - a l though a day on Venus lasted almost 
4 E a r t h  months - the  day temperature  drops,  and a l s o  t h e  drops 
between the e q u a t o r i a l  and t h e  p o l a r  reg ions ,  were small. It was 
necessary t o  give c e r t a i n  answers t o  t h e  ques t ions  advanced. 

Although it  was not  d i f f i c u l t  t o  measure t h e  temperature  and 
p r e s s u r e ,  measuring i l l u m i n a t i o n  was another  matter. 

The complexity of  measuring the  i l l u m i n a t i o n  i s  i n d i c a t e d  
by the  f a c t  t h a t  t h e  equipment had t o  perform measurements i n  a 
very wide range o f  l i g h t  f l u x e s  and ope ra t e  r e l i a b l y  i n  t h e  hot  
and dense atmosphere o f  Venus. Analogs t o  t h i s  equipKent d i d  

not e x i s t  i n  measurement technology, and had t o  be developed. A s  
i s  known, t he  f l i g h t  of t h e  automatic  s t a t i o n s  Venera-4, 5, 6 
e s t a b l i s h e d  t h a t  t h e  b a s i c  components o f  the p l a n e t  atmosphere 
were as fo l lows:  97% carbon d iox ide ,  no more t h d n  2% n i t rogen ,  



less than  0.1% oxygen and less than  1% water vapor c l o s e  t o  the 

cloud l aye r .  I n  s p i t e  o f  s p e c i f i c  concepts r ega rd ing  t h e  composi- 
t f o n  and s t r u c t u r e  of  the atmosphere of Venus, t he  problem of t h e  

composition and dimensions o f  t h e  cloud layer has no t  t e e n  solved.  
As has a l r eady  been i n d i c a t e d ,  s e v e r a l  s c i e n t i s t s  had assumed t h a t  
the  clouds m a y  conta in  compounds con ta in ing  ammonia. If w e  use  
t h i s  assumption, w e  may expec t  t o  f i n d  small amounts o f  ammonia 
i n  pu re  form i n  t h e  atmosphere o f  Venus at  p r e s s u r e s  znd a temper- 
ature occur r ing  a t  a l t i t u d e s  below 50 ki lometers .  Therefore  t h e  

descent  capsule  o f   ene era-8 carried equipment f o r  de te rmining  the 
presence of  ammonia i n  t h e  atmosphere of the p l a n e t .  The opera- 
t i o n a l  p r i n c i p l e  of t h e  equipment was based on the  fact  t h a t  there 
are chemical compounds which change t h e i r  c o l o r  under t h e  i n f l u e n c e  
o f  ammonia vapors. I n  t h i s  case, te t rabromphenol  s u l f o f t a l e i n  - 
a f i n e  g ra ined  powder o f  a yellow c o l o r  which becomes b lue  under 
the  a c t i o n  of ammonia - was used. A change i n  t h e  c o l o r  was re- 
corded by t h e  p h o t o r e s i s t o r s .  To e l i m i n a t e  rmdom phenomena and 
t o  i n c r e a s e  t h e  equipment s e n s i t i v i t y ,  a b r idge  s y s t e m  was used 
which recorded t h e  c o l o r  change as compared w i t h  a s t anda rd  ( i . e . ,  
w i t h  a slmilar agent placed i n  an hernietic c a p s u l e ) .  

An experiment i n v e s t i g a t i n g  the  physical-chemical cha rac t e r -  
i s t ics  of t he  p l a n e t  s u r f a c e  was a new f e a t u r e .  

To determine the  n a t u r e  of  t he  rocks ,  u sua l ly  a complete chem- 
i c a l  o r tmine ra log ica l  a n a l y s i s  was performed. However, f o r  such 
i n v e s t i g a t i o n s ,  it was necessary  t o  sample t h e  ground and t o  s tudy  
it f o r  a long pe r iod  of  time. 

I t  was a very complex problem t o  perform o p e r a t i o n s  i n  t he  

unusual ly  d i f f i c u l t  temperqture cond i t ions  o f  Venus and t o  c r e a t e  
a mechanical device which could open t h e  hermetic  housing of  t he  
equipment and sample the s o i l  and r e t u r n  i t  t o  t h e  r e c e i v i n g  com- 
partment.  I n  a d d i t i o n  t o  t h i s ,  complex equipment; was necessary t o  
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analyze the  s o i l .  These devfces  could no t  be  carried on the  sta- 

t i o n  due t o  l i m i t a t i o n s  o f  weight, power, auid the t i m e  f o r  t h e  ac- 
t i v e  e x i s t e n c e  of the  equipment on the  su r face  of the  p l a n e t .  

Therefore ,  m o t h e r  method was used t o  determine the  n a t u r e  of 
rocks on t h e  s u r f a c e  layer of  Venus. T h i s  method was based on the 

fact  t h a t  s e v e r a l  i n d i v i d u a l  chemical e lements  - f o r  example, rad io-  
a c t i v e  elements  such as uranium, thorium, and potassium - are found 
i n  a s p e c i f i c  p e r c e n t i l e  r e l a t i o n s h i p  i n  each type  of  rock. There- 
f o r e ,  t h e y  are a kind o f  v i s i t i n g  card for a c e r t a i n  type  o f  rock. 

A gamma-spectrometer i s  a dev ice  making it p o s s i b l e  t o  deter- 
mine c e r t a i n  spec i f ic  r a d i o a c t i v e  elements. T h i s  device  has one 
enormous advantage. It does not  have t o  go o u t s i d e  of  t h e  herme- 
t i c  housing, s i n c e  the  gamma-radiation, emitted by r a d i o a c t i v e  
elements i n  the s u r f a c e  layer, f r e e l y  p e n e t r a t e s  t h e  housing w a l l  
and e n t e r s  t h e  spec t rometer  d e t e c t o r .  Another f avorab le  cha rac t e r -  
i s t i c  fo r  the use of  the  gamma-spectrometer was t h e  absence i n  rocks  
or- Venus of r a d i a t i o n  in t roduced  by cosmic r a y s  (due t o  the  screen-  /a 
i n g  p r o p e r t i e s  o f  t h e  dense atmosphere of t h e  p l a n e t ) .  
a t i o n  posed s e r i o u s  d i f f i c u l t i e s  f o r  performing similar measurements 
on o t h e r  c e l e s t i a l  bcdies. 

T h i s  radi- 

The gamma-spectrometer on Venera-8 turned  on a s c i n t i l l a t i o n  
senso r ,  a 60-channel amplitude ana lyze r  ( t o  o b t a i n  t he  spec t rum) ,  
and an intensometer  for i n t e g r a l  r eco rd ing  of  the  gamma-quanta, 
which could measure the  t o t a l  i n t e n s i t y  o f  gamma-radiation w i t h  an  
energy of 0.3 MeV. 

To perform t h e  c a l i b r a t i o n s  under cond i t ions  on t h e  E a r t h ,  t h e  
gamma-spectrometer was p laced  i n  an ana log  of t h e  Venera-8 descent  
capsule ,  and measurements were made above out  croppings of rocks 
( i n  t h e i r  n a t u r a l  s t r a t i f i c a t i o n s )  w i t h  a known content  o f  uranium, 
thorium, and potassium. The c a l i b r a t i o n  was performed on g r a n i t e s ,  
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basalts, and o t h e r  rocks. I n  a d d i t i o n ,  above rocks which had a 
small conten t  o f  r a d i o  elements ,  d u n i t e s ,  a de te rmina t ion  was made 
of  t he  i n t r i n s i c  background of t h e  s t a t i o n  caused by the gamma- 
r a d i a t i o n  of n a t u r a l  r a d i o a c t i v e  elements  i n  t h e  form o f  micromix- 
t u r e s  i n  t he  mate-ial of  t he  equipment and c o n s t r u c t i o n  of  the 
s t a t i o n .  

A t  12 hours  29 minutes ,  on 22 J u l y  1972 the  descent  capsule  o f  
Venera-8 maae a scft l and ing  on t h e  s u r f a c e  of Venus, and f o r  50 
minutes t ransmit ted s c i e n t i f i c  in format ion  t o  the Ear th .  There 
was no o t h e r  such event  i n  h i s t o r y .  

The des igne r s  had cons t ruc t ed  i t  so t h a t  the  s c i e n t i f i c  equip- 
ment, t h e  r a d i o  equipment, and o t h e r  devices  on the  descent  capsule  
could ope ra t e  f o r  almost two hours ,  while  t h e  device  was l o c a t e d  i n  
approximately 500-degree heat. 

Na tu ra l ly ,  the  thermal c o n t r o l  system, which removed e x t e r n a l  
heat through the  heat exchanger i n t o  space ,  which was used i n  t h e  

o r b i t a l  compartment, could not  be used here .  I n  t h i s  case ,  t h e  
problem had t o  be solved by accumulating co ld ,  approximately as 
occurred i n  the g l a c i e r s ,  which were covered w i t h  i c e  i n  t h e  w i n t e r  
and which s t ayed  cold i n  t h e  summer due t o  the  thawing. These 
accumulations o f  co ld  i n  t h e  descent  capsule  were t h e  devices  
themselves,  t h e  housings,  and spec ia l  equipment which accumulated 
a r e s e r v e  of cold du r ing  t h e  f r e e z i n g  s e s s i o n s  of t h e  descent  
capsule ,  which took p l a c e  f o r  s e v e r a l  days  be fo re  t h e  s t a t i o n  
reached Venus when the  descent  capsule  temperature  was reduced 
approximately t o  -15OC. 

To improve t h e  the rma l  regime w i t h i n  t h e  descent  capsu le ,  
s p e c i a l  equipment was used - heat absorbers  made o f  m a t e r i a l  w i t h  

a high heat capac i ty .  When t h e  compartment was heated, t h e y  f i rs t  
took i n  2. g r e a t  amount of thermal energy an3 t h e n  maintained t h e  
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o p e r a t i o n a l  capac i ty  of the descent  capsule  equipment f o r  a long  
pe r iod  of t i m e .  
a f an .  

The a i r  was mixed i n  the compartment by means o f  

Reliable ope ra t ion  of  a l l  systems and s c i e n t i f i c  equipment 
on the  automatic  system Venera-8 and i t s  descent  capsu le  was pro- 
vided by c a r e f u l  p r e p a r a t i o n s  on t h e  E a r t h  under cond i t ions  which 

s imulated real cond i t ions  as much as p o s s i b l e  - i n  space ,  i n  t h e  

atmsophere, and on the s u r f a c e  of  Venus. 

RESULTS OF SCIENTIFIC INVESTIGATIONS 

The automatic  s t a t i o n  Venera-8 s u c c e s s f u l l y  completed i t s  f l i g h t ,  
and the  program o f  s c i e n t i f i c  i n v e s t i g a t i o n s  was completely c a r r i e d  
out .  The b a s i c  purpose was t o  ob ta in  2n answer t o  new important  
ques t ions  r ega rd ing  the  physical-chemical c h a r a c t e r i s t i c s  of t h e  

atmosphere and s u r f a c e  of  t h e  p l a n e t .  

The s t a t i o n  Venera-8 c a r r i e d  s c i e n t i f i c  devices  making it 
p o s s i b l e  t o  c a r r y  ou t  a wide range of s t u d i e s  of t h e  i n t e r p l a n e t a r y  
medium along t h e  f l i g h t  t r a j e c t o r y ,  i n  t he  atmosphere, and on the  
s u r f a c e  of  Venus on i t s  day side.  

The r ad iomet r i c  equipment c a r r i e d  i n  t he  o r b i t a l  compartment 
of the s t a t i o n  made i t  p o s s i b l e  t o  perform sys t ema t i c  measurements 
dur ing  t h e  f l i g h t  a long  the  i n t e r p l a n e t a r y  t r a j e c t o r y  of t h e  energy 
spectrum and v a r i a t i o n s  i n  the i n t e n s i t y  of cosmic r a y s .  The data 
from these measurements made i t  p o s s i b l e  t o  determine how t h e  dy- 
namic processes  develop i n  space which a r e  caused by s o l a r  a c t i v i t y .  

During t h e  f l i g h t  of t h e  s t a t i o n  there  was an anomalous i n -  
c r ease  i n  s o l a r  a c t i v i t y .  This phenomenon had a great in f luence  
upon t h e  i n t e n s i t y  o f  cosmic rays i n  d i f f e r e n t  energy ranges ,  which 
was confirmed b y  resu l t s  of  measurements performed on Venera-8. 
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Four powerful solar flares were recorded against a background 
of an i n c r e a s e  i n  s o l a r  a c t i t i y .  During t h e s e  flares t h e r e  was 
a sharp  i n c r e a s e  i n  t h e  i n e n s i t y  o f  p ro tons  wi th  e n e r g i e s  greater 
than  1 m i l l i o n  e l e c t r o n  v o l t s  and 30 m i l l i o n  e l e c t r o n v o l t s .  There 
was a l s o  a great r educ t ion  i n  t he  i n t e n s i t y  of g a l a c t i c  cosmic r a y s  
coming from t h e  very d i s t a n k  r eg ions  of space.  

Similar  results were obta ined  d u r i n g  an anomalous i n c r e a s e  i n  
solar a c t i v i t y  by equipment c a r r i e d  on Venera-7, Lunokhod-1, and 
Mars-2 and Ma? 3-3. 

Measurements of  u l t r a v i o l e t  r a d i a t i o n ,  produced by t h e  n e u t r a l  
atmsopheric hydrogen s c a t t e r e d  i n  i n t e r p l a n e t a r y  space,  showed t h a t  
i n  i n d i v i d u a l  r eg ions  of i n t e r p l a n e t a r y  space the i n t e n s i t y  o f  t h i s  
r a d i a t i o n  inc reased  by a f a c t o r  of  2-3. Measurements were made of  
the  r a d i a t i o n  i n t e n s i t y  i n  a narrow range of t h e  u l t r a v i o l e t  s p e c t r a l  
region,  p r i m a r i l y  a g a i n s t  a background of b r i g h t  b l u e  stars. 

The over loads  were meascred dur ing  the  aerodynamic braking  
of t h e  descent  capsule  as it  e n t e r e d  t h e  atmosphere of Venus. The 
change i n  t h e  overloads depends on t h e  a l t i t u d i n a l  d e n s i t y  d i s t r i -  

bu t ion .  Therefore  these measurements provided data on t h e  atmos- 
p h e r i c  parameters above t h e  l e v e l  of t h e  beginning of  d i r e c t  mea- 
surements. 

D i rec t  measurements of  t he  temperature  m d  p res su re  i n  t h e  at-  
mosphere of Venus, when t h e  descent capsule  of  ene era-8 descended 
by parachute  and af ter  i t s  landing ,  were c a r r i e d  ou t  u s ing  p r e s s u r e  
and temperature  senso r s  l o c a t e d  i n  t h e  parachute  compartment. 
These measurements were i n i t i a t e d  a f te r  t h e  removal of t h e  para- 
chute  compartment cover and the  opening of t he  main pa rachu te ,  a t  
an a l t i t u d e  o f  55 k i lometers  from t h e  s u r f a c e .  At t h e  Fame t i m e  
as t h e  measurements were made of t h e  atmospheric parameters ,  t h e  
onboard r a d i o  altimeter was used t o  measure t h e  a l t i t u d e ,  and these 
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(Caption page 75) :  
p r e s s u r e  2erformed by the  automatic  s t a t i o n  Venera-8 i n  t h e  at- 
mosphere of  the p l a n e t .  

Data from measurements of  temperature  and 

measurements were cont inued du r ing  the descent .  

I n  a d d i t i o n  to t h i s ,  t h e  height above the  s u r f a c e  of the p l a n e t  
was determtnec from c a l c u l a t i o n s  of  t h e  h y d r o s t a t i c  equ i l ib r ium con- 
d i t i o n s  ( t a k i n g  i n t o  account t h e  p r e s s u r e  and tempera ture  measured 
du r ing  the  descen t )  and from the  equa t ion  of motion of the  capsule  
by parachute  ( t h e  c a l c u l a t i o n s  employed the aerodynamic cha rac t e r -  
i s t i c s  o f  the parachute  and t h e  capsule  determined i n  experiments  
on t h e  Ea r th ) .  

During the  descent of t he  descent  capsule ,  a de termina t ion  was 
made of t h e  radial  v e l o c i t y  of the  equipment w i t h  r e s p e c t  t o  t h e  

E a r t h  us ing  a master gene ra to r  of the  onboard r a d i o  t ransmit ter  by 
means of the Doppler frequency s h i f t .  

By knowing t h e  rad ia l  v e l o c i t y ,  it was p e s s i b l e  t o  c a l c u l a t e  
t h e  capsule  descent  weight and, b y  i n t e g r a t i n g  t h e  v e l o c i t y ,  t o  
o b t a i n  a d d i t i o n a l  in format ion  about t h e  he igh t  of  t he  capsule  above 
the  s u r f a c e .  A s  a r e s u l t  of comparing the  measured va lues  of  t h e  

he igh t  above the s u r f a c e  of  t h e  p l a n e t  w i th  the  c a l c u l a t e d  va lues ,  
and t a k i n g  i n t o  account t he  d r i f t  of t he  descent  capsule  due t o  t h e  
wind, it was p o s s i b l e  t o  es tab l i sh  t h e  a l t i t u d e  drop of 4-5 
k i lometers ,  w i t h  an i n c l i n a t i o n  o f  about 1 0 - 1 2 O .  The automatic  
s t a t i o n s  Venera-5 and venera-6 a l s o  e s t a b l i s h e d  t h e  uneveness of  
the relief', only the  a l t i t u d i n a l  drop was g r e a t e r  and was 10-12 
k i l o m e t e r s .  

An a n a l y s i s  of  t h e  data  on the  atmospheric parameters  ob ta ined  
from t h e  f l i g h t s  of  Venera-4,-5,-6,-7 and Venera-8 showed t h a t  there  
were no g r e a t  d i f f e r e n c e s  i n  the a l t i t u d i n a l  p r o f i l e s  of temperature  
and pressure on t h e  noc tu rna l  and d i u r n a l  sides of  Venus. 
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The temperature  and pres su re  measured at  t he  landing  s i t e  of + + Venera-8 were 470 - 8 O c  and 90 - 1.5 kilogram-forces per c2,  which 
is  very c lose  t a  t h e  vs lues  obta ined  i n  t h e  experiment on Venera-7, 
a l though t h e  landing s i tes  of  the  s t a t i o n s  were 3 thousand k i l o -  
meters apart. One was on t h e  d i u r n a l  s ide  i n  t h e  zone of the  
morning t e rmina to r  ( 9  - 3") - t h e  s t a t i o n  venera-8 - and t h e  o t h e r  
was on t h e  noc tu rna l  s ide  o f  t h e  p l a n e t .  The r e s u l t s  of these 
measurements confirmed t h e  conclus ion ,  based on r e s u l t s  ob ta ined  
from t h e  descent  capsule  o f  Venera-7, t h a t  t h e  thermodynamic s ta te  /76 
of gas i n  t h e  atmosphere o f  Venus obeys an a d i a b a t i c  law down t o  
the  s u r f a c e ,  j u s t  as i n  t h e  atmosphere of  t h e  Ea r th .  

+ 

- 

Based on these measurements, t h e  conclusion must be reached 
tha t  on Venus there is  a v e r t i c a l  mixing o f  t h e  l a y e r s  i n  t h e  at- 
mosphere. 

A t  an a l t i t u d e  o f  46 k i lometers  t h e  first sample of gas was 
t aken  f o r  determining the presence of ammonia, and a t  an c l t i t u d e  
of  about 33 ki lometers ,  another  sampling was taken. 

The r e s u l t s  o f  these measurements po in t ed  t o  t h e  presence 
of  ammonia i n  t h e  atmosphere of Venus, whose volumetr ic  content  
may equal  0 .01  - 0.1%. Proponents o f  t h e  presence of ammonia 
compounds i n  the cloud layer  of Venus r ece ived  confirmation of 
t h e i r  hypothes is .  

Based on t h i s ,  i t  could be expected tha t  i n  t h e  upper layers 
o f  t h e  atmosphere a t  r e l a t i v e l y  low temperatures  ammonia must be 
combined w i t h  water, carbon d iox ide ,  hydrogen c h l o r i d e ,  and o t h e r  
gases  i n  the atmosphere, wi th  the  formation of ammonia compounds 
(most f r e q u e n t l y ,  whi te  c r y s t a l s  which r e f l e c t  t h e  l i g h t  wel l )  
which m a y  be one o f  t h e  components o f  t he  cloud layer o f  Venus. 
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The c r y s t a l s  formed begin  t o  f a l l  ( l i k e  drops  of ra in  or snow 
on the E a r t h ) ,  but  - r each ing  t h e  l a y e r s  w i t h  a h i g h e r  tempera ture  
- they  are a g a i n  decomposed i n t o  t h e i r  compocents and are s u b l i -  
mated i n  t h e  upper l a y e r s  of  the  atmosphere. Th i s  may r e p r e s e n t  
the cyc le  of gases  on Venus. The presence  of ammonia i n  t he  atmos- 
phere  may a l s o  p o i n t  t o  the  p resence  o f  vo lcan ic  a c t i v i t y  on t h i s  
planet .  

A s  we already know, a s  t h e  capsu le  descended by pa rachu te ,  
t he  radial  v e l o c i t y  o f  t h e  capsule  w i t h  r e s p e c t  t o  the E a r t h  was 
measured from t h e  Doppler f requency s h i f t  o f  t h e  master g e n e r a t o r .  
The r a d i o  altimeter was used t o  de te rmine  the  descent  r a t e  w i t h  

r e s p e c t  t o  t h e  s u r f a c e  of Venus. Knowing these two q u a n t i t i e s ,  i t  
was p o s s i b l e  t o  determine t h e  magnitude and d i r e c t i o n  of  t h e  wind 
v e l o c i t y  on Venus. The wind v e l o c i t y  r e p r e s e n t s  t he  h o r i z o n t a l  
v e l o c i t y  component i n  a p l a n e  c o n t a i n i n g  t h e  v e c t o r s  of t h e  radial  
and v e r t i c a l  v e l o c i t i e s  of  t h e  descen t  capsule .  

A t  a l t i t u d e s  of 53 - 46 k i lome te r s ,  based on t h e  measurement 
r e s u l t s  t h e  wind v e l o c i t y  was estimated a t  100-50 meters p e r  second; 
a t  a l t i t udes  o f  40-24 k i lome te r s ,  t h e  wind v e l o c i t y  was less than  
38-26 meters p e r  second. A t  a l t i t u d e s  of  20-14 k i lome te r s ,  t he re  
was a sharp  decrease i n  t h e  wind v e l o c i t y .  The v e l o c i t y  g r a d i e n t  
was 4 meters p e r  second p e r  k i lometer .  On the s u r f a c e  and up t o  
an a l t i t u d e  of  10-12 k i lome te r s ,  t h e  wind v e l o c i t y  was much l e s s  
and was 0-2 meters p e r  second. One c h a r z c t e r i s t i c  mus t  be no ted :  
t h e  wind d i r e c t i o n  a t  a l l  a l t i t u d e s  was l a t i t u d i n a l  - from t h e  t e r -  
mina tor  t o  t h e  d i u r n a l  s i d e ,  i . e .  i n  t h e  d i r e c t i o n  of t h e  e igen  
r o t a t i o n  of Venus. 

I n  o r d e r  t o  produce on t h e  s u r f a c e  o f  t h e  E a r t h  a v e l o c i t y  
head such as t h e  wind produces on Venus a t  an a l t i t u d e  o f  15-20 
k i lome te r s ,  un  t h e  Ear th  t h e  w i n d  would have t o  have a v e l o c i t y  
of  50-100 meters  p e r  second! ! 
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It i s  obvious t h a t  t h e  winds on Venus have a g r e a t  i n f l u e n c e  
upon forming t h e  re l ie f  of the p l a n e t  and a r e  one o f  the b a s i c  
c h a r a c t e r i s t i c s  of t h e  atmcsphere o f  t h e  p l a n e t .  

I n f o m a t i o n  about i l l u m i n a t i o n  i n  t h e  atmosphere o f  t h e  p l a n e t  
was obta ined  dur ing  the  e n t i r e  pe r iod  of parachute  descent  and a f t e r  
landing. These unusual  data i n d i c a t e d  t ha t  p a r t  o f  the  l i g h t  f l u x  
of t he  Sun i n  t h e  v i s i b l e  s p e c t r a l  r eg ion  reaches  t h e  s u r f a c e  o f  
the  p l a n e t ,  and there  there i s  a g r e a t  d i f f e r e n c e  between t h e  il- 
luminat ion i n  t h e  daytime and a t  n i g h t .  I n  a d d i t i o n ,  t h e  data from 
these measurements i n d i c a t e d  t ha t  t h e  atmosphere o f  Venus a t t e n u a t e s  
t h e  s o l a r  l i g h t .  

- 177 

A s  t h e  measurements showed, a t  an a l t i t u d e  o f  49 k i lome te r s  
+ t h e  i l l u m i n a t i o n  is 3600 - 1000 l u x ,  and on t h e  s u r f a c e  i t  i s  350 + - 150 lux.  An unusual chimge i n  t h e  magnitude o f  t h e  i l l u m i n a t i o n  

g rad ien t  must be noted:  i n  t h e  a l t i t u d i n a l  range from 49 t o  30 
k i lome te r s ,  it was 145 l u x  p e r  k i lome te r ,  and ir, t he  30-0 k i lome te r  
reg ion ,  i t  was only about 3 4  lux  p e r  k i lometer .  The s h a r p  change 
i n  t h e  i l l u m i n a t i o n  g r a d i e n t  a t  an a l t i t u d e  of  30 k i lome te r s  may be  

caused by the  border  of  clouds.  An a n a l y s i s  of  t h e  i l l u m i n a t i o n  
data makes i t  p o s s i b l e  t o  estimate t h e  v i s i b i l i t y  range on t h e  
s u r f a c e  as equa l  t o  1 ki lometer .  

The f irst  measurements of t h e  i l l u m i n a t i o n  were performed 
when t h e  angle  of t h e  Sun a t  t he  l and ing  s i t e  of t h e  descent  capsule  
was 8 - IOo i . e . ,  it was morning on Venus. 

The s c i e n t i s t s  awaited w i t h  impat ience informat ion  on t h e  

physical-chemical p r o p e r t i e s  o f  t h e  s u r f a c e  of  t h e  p l a n e t .  The 
first data  on the  d i e l e c t r i c  cons tan ts  and t h e  d e n s i t y  o f  t h e  
s o i l  were obta ined  by ana lyz ing  the  l e v e l  
by the s u r f a c e  and emi t ted  by the  capsule  
r e s u l t s  of t h e s e  measurements shcwed t h a t  

of r a d i o  waves r e f l e c t e d  
dur ing  descent .  The 
t h e  d i e l e c t r i c  cons tan t  
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(Capt ion page 77) : 
over an outcrop  of g r a n i t e  on t h e  Ear th .  

Calibrated spectrum o f  y - r a d i a t i o n  obta ined  

of the  s o i l  s u r f a c e  was a l i t t l e  more than  three u n i t s .  T h i s  pro- 
vided a basis f o r  assuming that i n  t h e  r eg ion  of the  descent  t h e  
s u r f a c e  layer of t h e  p l a n e t  i s  ve ry  f r i a b l e ,  w i t h  a s o i l  d e n s i t y  
of a l i t t l e  l e s s  t h a n  1 and 1 / 2  grams p e r  cubic  cen t ime te r  (more 
p r e c i s e l y ,  1 . 4  - 0 . 1 ) .  

4- 

However, t h e  most unusual  i n fo rma t ion  was ob ta ined  from t h e  

gamma-spectrometer. It was t u r n e d  on a i d  performed measurements 
first d u r i n g  the pa rachu te  descen t  i n  t h e  atmosphere o f  t h e  p l a n e t  
and a f t e r  the  s t a t i o n  had landed on t h e  su r face .  

When t h e  capsu le  descended i n  t h e  atmosphere o f  Venus, three /78 
measurements were made of t h e  t o t a l  i n t e n s i t y  o f  gamma r a d i a t i o n .  
One msasurement was made a f te r  t h e  landing .  It should b e  noted 
tha t  there  was no g r e a t  change i n  t h e  i n t e n s i t y  o f  gamma r a d i a t i o n  
du r ing  t h e  descent .  Th i s  p o i n t s  t o  t h e  l a c k  of  r a d i a t i o n  from 
s h o r t - l i v e d  i s o t o p e s .  Measurements showed an i n c r e a s e  i n  t h e  t o t a l  
i n t e n s i t y  o f  gamma-radiation. T h i s  was appa ren t ly  due t o  t h e  de- 

composition of n a t u r a l  r a d i o a c t i v e  elements  conta ined  i n  t h e  rocks  
on t h e  s u r f a c e  of Venus. The gamma r a d i a t i o n  spectrum of  rocks  
was measured whi le  t h e  s t a t i o n  was i n  ope ra t ion  on the s u r f a c e  of 
t h e  p l a n e t .  The informat ion  from t h e  spec t rometer  was t r a n s m i t t e d  
t o  t h e  F a r t h  tw ice ,  making it p o s s i b l e  t o  determine t h e  conten t  of  
uranium, thorium and potassium i n  t h e  rocks  on Venus. 

Based on p re l imina ry  c a l c u l a t i o n s ,  t h e  rocks  cove r ing  t h e  sur -  
f a c e  a+, t h e  l and ing  s i t e  of t h e  descent  capsule  of Venera-8 conta ined  
446 potassium, 2 uranium, and 6 . 5  t h o r i u m ,  which was 
similar i n  con!position and p e r c e n t i l e  con ten t  t o  g r a n i t e  rocks  on 
the  Ea r th .  Undzr 2ond:tions s n  t h e  E a r t h ,  t h i s  r e l a t i o n s h i p  o f  
e lements  i s  c h a r a c t e r i s t i c  f o r  rocks  which were f irst  melted from 
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(Caption page 78): 
t i o n  landed on the s u r f a c e  o f  Venus. 

S p e c t r a  o f  y-emission obta ined  a f te r  the  sta- 

the cen te r  o f  t h e  p l ane t  and underwent seccndary changes due t o  
the in f luence  o f  d i f f e r e n t  f a c t o r s  i n  t h e  surrounding medium, 

3 On Venus the  rocks discovered had a d e n s i t y  of  1 .4  G/cm , 
which corresponds t o  a porous rock. It may be assumed that t he  
decomposition of c r y s t a l l i n e  rocks on t h e  c r u s t  of Venus was n o t  
only mechanical i n  n a t u r e ,  bu t  was a l s o  related t o  t h e  decomposi- 
t i o n  process  inf luenced  by temperatu 'e, p r e s s u r e ,  carbon d i o x i d e  
and co r ros ive  (a t  high p res su re  and temperature  va lues )  water. 

Data on the chemical composition and p r o p e r t i e s  if t h e  s o i l  
r ep resen t s  a va luable  con t r ibu t ion  t o  t h e  s tudy  of geology on 
Venus and the  planets i n  t h e  s o l a r  system, Di rec t  s t u d i e s  o f  
Ve,-l:s have only begun. Subsequent exkeriments w i l l  determine t h e  

cor;;-s.citizn *ad p r o p e r t i e s  of rocks i n  o t h e r  r eg ions  of t h e  p l a n e t  
and w i l l  q u a l i f y  t h e  processes  occur r ing  i n  t h e  s o l i d  covering 
of  Venus, and t h e  n a t u r e  of i t s  evolu t iou .  



VHAT WE KNOW ABOUT THE SURPRISING WORLD OF VENUS 

... That which seemed imposs ib le  throughout the 
c e n t u r i e s ,  yes t e rday  w a s  only  a d a r i n g  dream, 
today becomes a real pwblem, and tomorrow - 
it is solved.  

. . . L i f e  is extremely p e r s i s t e n t ,  unyielding.  
It can e x i s t  under cond i t ions  which differ  *om 
those  on t h e  E a r t h .  

S.P, Korelev 

G.A. Tikhov 

Ot 12  February 1961 the  automatic  s t a t i o n  Venera-1 first /79 
started out  on the unknown pa th  toward the  myster ious p l a h e t .  

Seven t i m e s  after t h i s  the  Sovie t  s t a t i o n s  attempted t o  s o l v e  
the r idd le  of  Venus, 

Out of t he  e i g h t  s t a t i o n s ,  s i x  reached t h e  p l a n e t ,  and f i v e  
of them transmitted t o  t h e  Earth unusual  data from d i r e c t  measure- 
ments on t h e  p r o p e r t i e s  and composition of t h e  atmosphere, the 

first data on t h e  c h a r a c t e r i s t i c s  and the  composition o f  t h e  sur-  
f ace ,  and about t he  i l l u m i n a t i o n  In t h e  atmosphere and at t h e  
landing  s i t e  of t h e  descent  capsule .  

S t u d i e s  of  the upper layers of  t h e  atmosphere of Venus were 
made by t h e  American s t a t i o n s  Mariner three times from f l i g h t  

t r a j e c t o r i e s  . 
Radio astronomers made a g r e a t  c o n t r i b u t i o n  t o  the  i n v e s t i -  

g a t i o n  of t h e  "morning star." 

I n  t h e  las t  1 2  y e a r s ,  as a r e s u l t  of rad ioas t ronomica l  and 
d i r e c t  i n v e s t i g a t i o n s  o f  Venus by means of  space technology,  s c i e n t i s t s  
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have come t o  learn more about t h i s  p l a n e t  than  du r ing  t h e  preceding 
century . 

There a?? c e l e s t i a l  b o d i e s  i n  space  wNch can be  s t u d i e d  by 
means of automatic  spacecraft and d i r e c t l y  by humans us ing  manned 
spacecraft. Fsr example, circwnterrestrlal space ,  t h e  Moon, and 
poss ib ly  i n  t h e  nea r  f u t u r e  - Mars. 

But Venus, due t o  the unusual cond i t ions  i n  i ts atmosphere 
and on t h e  s u r f a c e ,  has been f o r  a long t i m e  t h e  undisputed "domain" 
of automatic equfpment. However, i n  sp i t e  of t h i s ,  w e  can imagine 
t h a t  by means of f u t u r e  s p a c e c r a f t  havlng long l a s t i n g  systems of 
autonomous cryogenic  p r G t e c t i w ,  w e  m a y  l and  on t h e  su r face .  
could we see and xh8.t could we stud;- based on present  day knowledge 
about t h i s  planet? 

What - /SO 

Due t o  i n v e r s e  r o t a t i o n  o f  the p lane t  ( t h i s  i s  one o f  t h e  

puzz le s  of Venus, which must be  so lved)  i n  one y e a r  on Venus there 
are two days and t h e  Sun rises i n  t he  West and sets  i n  t he  East. 
The fact t h a t  t h e  p l a m t  axis of r o t a t i o n  i s  no t  i n c l i n e d  t o  t h e  
p lane  of the  e c l i p t i c  leads t o  t h e  absence o f  seasons.  One i n t e r -  
e s t i n g  phenomenon must be noted,  which is connected w i t h  t h e  char- 
a c t e r i s t i c s  of o r b i t a l  motion of t he  p l a n e t ,  t h e  eigen r o t a t i o n  around 
i t s  a x i s ,  and i n t e r n a l  t i d a l  phenomena caused by t h e  i n f luence  o f  
the  E a r t h  - I n  t h e  i n f e r i o r  conjunct ion one and t h e  same s i d e  o f  
Venus i s  always turned  toward t h e  E a r t h .  

The temperature  o f  the o u t e r  walls of  our s p a c e c r a f t  would be 
i n  t h e  temperature  reg ion  o f  red ho t  i ron  - 5OO0C, and t h e  p r e s s u r e  
would b e  about 100 kG/cm2, as one k i lometer  deep i n  t h e  ocean. The 
dens i ty  of t h e  a i r  ( i f  i t  can be c a l l e d  t h i s )  on t h e  s u r f a c e  i s  
60 times greater than  t h e  d e n s i t y  of t e r r e s t r i a l  a i r  on t h e  ocean. 



Under these cond i t ions ,  when t h e  tempera ture  on t h e  surface 
o f  the  p l a n e t  is h i g h e r  than  t h e  me l t ing  po in t  o r  b o i l i n g  p o i n t  
of many elements  found on t h e  Earth i n  l i q u i d  o r  s o l i d  phases, 
they  can change i n t o  a gaseous .(water, su lphur ,  bromine, i o d i n e ,  
mercury and o t h e r s )  o r  a l i q u i d  state (alkali  metals, t i n ,  lead 
and o t h e r s  1. 

Chemical-analyzers carried on our c r a f t  would r eco rd  t h e  
presence  p r i m a r i l y  of a carbon d i o x i w  atmosphere (93-97% CO,). 

There would be 7 - 3% of t h e  remaining gases (n i t rogen ,  oxygen, 
ammonia, c h l o r i d e ,  and f l u o r i d e  compounds, water vapor,  and o t h e r s ) .  
It could be expected tha t  w i t h  a change i n  height  the  composition 
of  t he  a d d i t i o n a l  atmospheric components would change greatly 
Actua l ly ,  w i t h  a change i n  height (as our  equipment shows) t he  
atmospheric tempera ture  dec reases  w i t h  a g r a d i e n t  of 8 - 8 . 5 O  per 
k i lometer ,  and the  vapors  of  admixtures l o c a t e d  i n  t h e  atmosphere 
would be  concent ra ted  at d i f f e r e n t  l e v e l s ,  as occurs  w i t h  water 
vapors w i t h  a temperature  decrease .  These wate2 vapors p r e c i p i -  
t a t e  i n  t h o  form of  r e s i d u e s ,  forming a "cloud" at  d i f f e r e n t  al- 
t i t u d e s ,  and then  are again subl imated e n t e r i n g  a tempera ture  
reg ion  equal  t o  the  evapora t ion  temperature  ( subl imat ion)  of these 
compounds o r  elements.  It i s  p o s s i b l e  t h a t  t h i s  p rocess  may be 

much more complex. It may be assumed t h a t  the r e a c t i o n s  of combi- 
n a t i o n  and decomposition occur  w i t h  t he  formation of new subs tances  
o r  t h e i r  components, as occur s  w i t h  ammonia and i t s  compounds. 
A t  comparatively low temperatures  i n  t he  upper l a y e r s  of  t h e  atnos-  
phere of  Venus, ammonia i s  combined w i t h  water, carbon d ioxide ,  
and hydrogen c h l o r i d e  forming most f r e q u e n t l y  whi te  c r y s t a l s  of 
ammonia compounds, which begin t o  p r e c i p i t a t e  i n  t h e  form o f  resi-  
dues and, r e a c h i n s  a he ight  w i t h  a higher temperature, are s u b l i -  
mated. For example, f o r  ammonium carbonate ,  t h i s  temperature equa l s  
60° and, consequent ly ,  i t s  subl imat ion  must  occur  i n  t he  atmosphere 
o f  Venus a t  a height  of 47-48 k i lome te r s  (from the  average l e v e l ) .  
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(Caption page 81): 
and the  Earth. 

Data on composition o f  t h e  atmosphere of Venus 

I n  the  lower reg ions  there may be magnesium hydra t e s ,  s u l f u r o u s  
compounds, compounds of  f e r rous  c h l o r i d e  and o t h e r s .  Consequently, 
t h e  cloud l a y e r  o f  Venus i s  not  uniform but  has a complex, s trati-  
f i ed  na ture .  
t h e  lower edge o f  t h e  clouds on Venus is  l o c a t e d  at  an a l t i t u d e  of 
more than  30 ki lometers .  On t h e  E a r t h  t h e  upper boundary o f  the  
clouds i s  l o c a t e d  at  1 0  - 12 k i lometers .  

'82 - Based on photometr ic  data, i t  may be assumed t h a t  

But now, what do t he  clouds c o n s i s t  o f ,  what is  the i r  s t r u c t u r e ,  
what 2s t he  mechanism of t h e i r  formatkon? As can be seen,  there 
are s t i l l  no p r o c i s e  answers t o  these ques t ions ,  on ly  assumptions.  
These ques t ions  await t h e i r  s o l u t i o n .  

It is  apparent ly  impossible  to see t h e  Sun through a cloud l ay -  
sr which i s  about 30 k i lometers  t h i c k  ( the  upper edge of t he  clouds 
i s  l o c a t e d  at  an a l t i t u d e  o f  60-70 k i l o m e t e r s ) ,  a l though it is  
almost 50 m i l l i o n  k i lometers  c l o s e r  t han  from the  Ea r th .  Due t o  
t h i s ,  i n  t h e  daytime, which las ts  60 t e r r e s t r i a l  days, there  are 
no shadows on t h e  s u r f a c e ,  and t h e  i l l u m i n a t i o n  i s  l i k e  a very 
cloudy, foggy day on t h e  Ea r th  w i t h  a v i s i b i l i t y  o f  about 1 k i l o -  
meter. Due t o  t he  g r e a t  d e n s i t y  of t h e  atmosphere, there  is  very 
s t r o n g  r e f r a c t i o n  of  l i g h t  rays i n  t h e  atmosphere and i t  appears  
t ha t  i n  a l l  d i r e c t i o n s  t h e  l i n e  of t h e  hor izon  goes up, and w e  are 
on the  f l o o r  of an enormous bas in .  I n  s p i t e  of t he  fact  t h a t  a 
day on Venus l a s t s  two months and a n i g h t  l as t s  t h e  same amount of  
time, d a i l y  f l u c t u a t i o n s  i n  t h e  temperature  due t o  t h e  enormous 
neat capac i ty  of t h e  atmosphere of  t h e  p l a n e t  are 1 2 O C ;  between 
t h e  po le  and t h e  equator  t h e  temperature  drop i s  1 8 ° C .  The s t rong-  
es t  temperature  g rad ien t  i s  observed i n  t h e  v e r t i c a l  d i r e c t i o n ,  as 
on a mountain which i s  5 k i lome te r s  h:gh t h e  temperature  w i l l  be 
4OoC lower than a t  i t s  base. 



( C . .  t i o n  page 82):  Model of the atmosphere of Venus based on 
measurement data obta ined  du r ing  t h e  f l i gh t s  o f  t h e  automatsc 
s t a t i o n s  Venera. 
(Caption page 8 3 ) :  Change of v e l o c i t y  and i l l u m i n a t i o n  as a 
f u n c t i o n  of a l t i t u d e  (based on measurement data obtafned from 
*!enera-8). 

Due t o  t h e  temperature  g r a d i e n t  i n  t h e  mer id ianol ,  e q u a t o r i a l ,  &I 

and v e r t i c a l  d i r e c t i o n s  i n  t h e  atmosphere o f  t h e  p l a n e t  there are 
complex c i r c u l a t i o n  flows i n  t he  h o r i z o n t a l  and v e r t i c a l  p lanes .  
On t h e  s u r f a c e  the  v e l o c i t y  o f  t he  flows is small (based on d a t a  
from ~ e n e r a - 8 ) ,  0 - 2 meters p e r  second, and they  pass from t h e  
t e rmina to r  t o  t he  day side (toward t h e  s ide  of the e igen  r o t a t i o n  
of t h e  p l a n e t ) .  A t  a l t i t u d e s  of  45 - 55 k i lome te r s  the  wind velo-  
c i t y  i s  about 50-101' meters p e r  second i n  t he  same d i r e c t i o n .  
T h i s  may poss ib ly  be  related t o  t he  four-day c i r c u l a t i o n  cyc le  of 
t he  upper atmosphere which was established ( i n  photographs of Venus) 
i n  t h e  u l t r a v i o l e t  r a y s .  The motion of t h e  " u l t r a v i o l e t  clouds" 
i s  60 times fas ter  than the  r o t a t i o n  of t h e  p l a n e t  i t s e l f .  an the 
Ea r th  a slmilar phenomenon is  observed at  a l t i t u d e s  of  150 - 400 

k i lometers ,  and t h e  advancing r o t a t i o n  of t h e  atmosphere i s  
about 1 .2  - 1 . 4  t i m e s  more r a p i d  than  t h e  r o t a t i o n  of  t h e  Ear th .  
No. exp lana t ion  has been found f o r  t h i s  phenomenon on t h e  E a r t h .  

On VenuE it i s  expla ined  by t he  c h a r a c t e r i s t i c s  o f  heat exchange 
and p l a n e t a r y  c i r c u l a t i o n  on t h e  l e v e l  o f  t h e  cloud l a y e r .  

Along w i t h  t h e  e q u a t o r i a l  c i r c u l a t i o n ,  t he re  i s  a v e r t i c a l  
c u r r e n t ,  but a t  s lower v e l o c i t i e s  t h e r e  a r e  s t r o n g  c u r r e n t s  i n  
t h e  m e r i d i a n  d i r e c t i o n .  

I n  1969 - 1972 at  t h e  I n s t i t u t e  of  Oceanology o f  the  USSR 
Academy of Sc iences ,  c a l c u l a t i o n s  were made of t h e  "weather" on 
Venus. The r e s u l t s  of these c a l c u l a t i o n s  are as fo l lows .  The 
atmospheric c i r c u l a t i o n  of Venus i s  almost symmetrical  w i t h  r e s p e c t  
t o  t h e  equa to r  and develops due t o  temperature  d i f f e r e n c e s  between 
t h e  d i u r n a l  and noc tu rna l  hemispheres .  These d i f f e r e n c e s  a r e  con- 
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s t a n t l y  maintained due t o  t he  fact that the  d i u r n a l  s ide  of t h e  
p l a n e t  is  heated by the  Sun and t h e  noc tu rna l  s ide is cooled due 
t o  t h e  e iken  r a d i a t i o n  (a tempera ture  g r a d i e n t  of about 12OC). 
The c i r c u l a t i o n  is no t  symmetric e i ther  w i t h  r e s p e c t  t o  t h e  a x i s  
of r o t a t i o n  o r  w i th  r e s p e c t  t o  the  Sun-Venus l i n e :  t he  r eg ion  
of t h e  greatest h e a t i n g  approaches the  evening t e r m i n a t o r ,  arid 
the c o l d e s t  r eg ion  is  l o c a t e d  on the  morning t e rmina to r .  

The system of winds i s  as fo l lows;  i n  t h e  lower l a y e r s  the 
gases forming t h e  atmosphere o f  Venus flow t o  t he  w a r m e s t  r eg ion .  
There, they r ise upward and scat ter  i n  the upper layers, are 
c o l l e c t e d  i n  t h e  "cold" r e g i o n  where they  aga in  descent  downward. 
These motions encompass t h e  e n t i r e  p l a n e t :  there a r e  no large 
scale vor t exes  such as cyclones and an t icyc lones .  A t y p i c a l  wind 
v e l o c i t y  somewhat exceeds 5 - 6 meters p e r  second (on the  Earth 
a t y p i c a l  v e l o c i t y  i s  c l o s e  t o  1 0  meters). However, t a k i n g  t h e  
f a c t  i n t o  account that the  d e n s i t y  of  t h e  atmosphere on Venus 
i s  60 times g r e a t e r  than t h e  atmospheric  d e n s i t y  of the  Ea r th  
(on the  s u r f a c e )  t h e  wind load  on Venus f o r  t y p i c a l  winds cor- 
responds t o  h u r r i c a n e  winds. 

According t o  c a l c u l a t i o n s ,  the v e r t i c a l  v e l o c i t i e s  of gases 
Pn t h e  atmosphere of Venus r e a c h  va lues  on t h e  o r d e r  of s e v e r a l  
cen t ime te r s  per  second (on t h e  Earth t h e y  are measured by a few 
millimeters p e r  second).  The e n t i r e  lower atmosphere of Venus 
( t h e  t roposphe re )  i s  i n  a s ta te  of conductive mixing: on t h e  day 

s i d e  t h i s  i s  caused by h e a t i n g  downward and on the  n o c t u r n a l  s ide  
- by cool ing  upward due t o  e igen  r a d i a t i o n .  These t h e o r e t i c a l  
c a l c u l a t i o n s  must be v e r i f i e d  and r e f i n e d ,  but t hey  a re  c l o s e  t o  
t h e  real  p i c t u r e  of processes  t a k i n g  p l ace  on Venus. 

- /86 

':'he change i n  t h e  atmospheric parameters of  Venus down t o  
t h e  s u r f a c e  (based on data from t h e  Venera s t a t i o n s )  i s  a d i a b a t i c ,  
and i n d i c a t e s  a c t i v e  mixing of t h e  atmosphere caused e i t h e r  by 



(Caption page 85): 
t a i n e d  from the American s p a c e c r a f t  Mariner-10. 

Photographs of  t h e  cloud l a y e r  of  Venus ob- 

g l o b a l  c i r c u l a t i o n ,  as i n d i c a t e d  above, o r  g ravLta t iona1  c e l l u l a r  
convection. Thus, it may be concluded t h a t  t h e  thermophysical 
p r o p e r t i e s  o f  the  p l ane t  atmosphere determine t h e  th i ckness  o f  
i t s  a d i a b a t i c  layer and the  maximum s u r f a c e  temperature .  

N e w  data on the  dynamic c h a r a c t e r i s t i c s  o f  t h e  upper atmos- 
phere  o f  Venus were provided by t h e  American s p a c e c r a f t  Mariner-10 
when it flew around t h e  p l a n e t  i n  February,  1974. 

Photographs o f  t he  cloud l a y e r  of Venus ob ta ined  by t h i s  

s p a c e c r a f t  u s ing  pho to - t e l ev i s ion  equipment through u l t r a v i o l e t  
l i g h t  f i l t e rs  i n d i c a t e d  the  presence of powerful j e t  c i r c u l a t i o n  
streams i n  t h e  upper atmosphere of the p l a n e t ,  d i r e c t e d  a long  t h e  

sp t ra l  from the  equa to r  t o  the po le s .  The d i v i s i o n  between these 
flows i s  t h e  t u r b u l e n t  r eg ion  c a l l e d  t h e  "eye o f  Venus" formed 
a t  t h e  subso la r  p o i n t  ( i n  t h e  e q u a t o r i a l  zone),  having a diameter 
of about 1600 k i lometers .  

It may be expected t h a t  thermal energy i s  t r a n s f e r r e d  by 

means of t he  powerful cu:*rents from t h e  equa to r  t o  the  po le s ,  equal-  
i z i n g  thermal balance of  t h e  p l a n e t .  Thus, judging  from t h e  motion 
of t h e  cloud cover,  the  v e l o c i t y  o f  t h e s e  c u r r e n t s  i s  estimated 
a t  the  equator  a t  320 k i lome te r s  per  hour,  and a t  t h e  poles  - twice  
as fas t !  These c u r r e n t s  move i n  a d i r e c t i o n  oppos i t e  t o  t h e  ro- 
t a t i o n  o f  t h e  p l ane t .  

The cause of these powerful c u r r e n t s  may b e  f l u x e s  of  s o l a r  
plasma ( s o l a r  wind) coming i n t o  immediate contac t  w i t h  t h e  atmos- 
p h e r e  of  t h e  p l a n e t ,  due t o  t h e  absence on Venus of  "a s h i e l d "  from 
t hese  c u r r e n t s  i n  t h e  form of a magnetic s h i e l d ,  such a s  t h e  E a r t h  
has. 
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Three photographs which were made a t  an i n t e r v a l  of  7 hours  
each i l l u s t r a t e  t he  evo lu t ion  of t h e  a i r  c u r r e n t s  i n  t h e  atmosphere 
of Venus. 

The dzta obta ined  from Mariner-10 s u b s t a n t i a t e s  t h e  theo ry  
o f  g l c b a l  c i r c u l a t i o n  of t h e  atmosphere o f  Venus. 

We have digressed somewhat wi th  these t h e o r e t i c a l  considera-  
t i o n s  from t h e  cond i t ions  surrounding a c r a f t  on Venus. We have 

2 noted tha t  on Venus there  i s  enormous p r e s s u r e  (about  100 kG/om 
on t h e  su r face ) .  It is  unusus l  and a s ton i sh ing !  Two-thirds o f  
the Earth 's  s u r f a c e  are seas and c z ~ a n s .  If the world's  oceans 
were d iv ided  e q u a l l y  ove r  t h e  e n t i r e  s u r f a c e  o f  t h e  Ear th ,  t h e  
average depth would be 3 - 3.5 kiloiiieters, and a t  the base of  t h e  
hydrosphere of  t h e  Earth t h e  average p res su re  w i l l  be 300 kG/cm2 
( three times g r e a t e r  t han  t h e  p res su re  on t h e  s u r f a c e  of Venus). 
Thus, there  i s  noth ing  unusual about t h e  cond i t ions  e x i s t i n g  on 
Venus, as compared w i t h  t h e  Ear th .  

What w i l l  t h e  s u r f a c e  be l i k e  at  t h e  l and ing  s i t e  of our  c r a f t ?  

I n  o rde r  t o  v e r i f y  t h e  data obta ined  from Venera-8, w e  s h a l l  
perform a landing  where i t s  descent  capsule  touched t h e  s u r f a c e  
o f  t h e  p l ane t .  

The landing  equipment o r  o u r  craft  s i n k s  deeply down i n t o  the  /87 - 
porous su r face  l a y e r ,  whose d e n s i t y  is about 1 . 4  grams p e r  cubic  
ceht imeter .  Based on t h e  spectrum of gamma-radiation of  rocks  a t  
the landing  s i t e ,  it was establ ished t h a t  these rocks  are similar 
t o  t e r res t r ia l  rocks based on composition and p e r c e n t i l e  conten t  
o f  r a d i o a c t i v e  elements.  It may be  assumed t h a t  t h e y  were e j e c t e d  
from t h e  core of  t h e  p l ane t  and then  were sub jec t ed  t o  secondary 
changes under t h e  i n f l u e n c e  of t h e  surrounding medium (mechanical 
a c t i o n ,  temperature ,  p r e s s u r e ,  chemical a c t i o n  of  carbon d iox ide  
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and water which is  aggres s ive  a t  high tempera tures  and p r e s s u r e ) .  
Whether we want t o  o r  n o t ,  we are fo rced  t o  c a l l  a t t e n t i o n  t o  
t h e  reading  of t h e  atmospheric gas ana lyze r  - 93 - 97% carbon 
d ioxide .  Why? What p rocesses  led t o  t h i s  composition? The ter-  
r e s t r i a l  atmosphere contained t e n s  of f r a c t i o n s  o f  a percent& 
Why i s  i t  tha t  I n  t h e  atmosphere o f  Venus there i s  1000 times less 
water than  on the  Earth? 

Apparently, t he  reasms f o r  t he  d i f f e r e n t  cond i t ions  e x i s t i n g  
on these two p l a n e t s ,  which are p a r t i a l l y  twin-s i s te rs ,must  be 

found i n  t h e i r  formation and evo lu t ion .  

I n  t h e  gene ra l  opinion of s c i e n t i s t s ,  t h e  p l a n e t s  were formed 
as a r e s u l t  of accumulatiori ( a c c r e t i o n )  of  s o l i d  p a r t i c l e s  i n  a 
co ld  p ro top lane ta ry  cloud surrounding t h e  Sun dur ing  the p e r i o d  of 
i ts  formation. For only a s h o r t  pe r iod  o f  t i m e  the  p l a n e t s  i n  
t h e  Earth 's  group r e t a i n e d  a primary atmosphere, whose composition 
was s i m i l a r  t o  the  p ro top lane ta ry  cloud (hydrogen, helium, i n e r t  
gases, p a r t i c u l a r l y  neon).  

The p r i m a r y  atmosphere was almost completely l o s t  (poss ib ly  
w i t h  the  except ion  of heavy i n e r t  g a s e s ) .  T!ie atmosphere c o n s i s t i n g  
of vo lcan ic  a c t i v i t y  - carbon monoxide, water vapor,  n i t r o g e n  - 
r ep laced  it. 

The f a t e  of t h i s  secondary atmosphere depended on t h e  chemi- 
c a l  i n t e r a c t i o n  wi th  t he  rocks forming t h e  p l a n e t ,  and wi th  the  
phenomena of p a r t i a l  su r face  mel t ing  of the  p l a n e t  su r f ace  f m m  
t h e  decomposition of gas molecules by u l t r a v i o l e t  r a d i a t i o n  of  t h e  
Sun, on t h e  ra te  a t  which t h e  l i g h t e r  components of t h e  atmosphere 
were v o l a t i l i z e d  i n  space ,  and f i n a l l y  on t h e  a c t i o n  of  t h e  biosphere.  
What p a t h  was t r a v e r s e d  by t he  evo lu t ion  on t h e  E a r t h  and on Venus? 
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For t h e  Earth, t h i s  may be r ep resen ted  as fol lows.  

The main product  of  vo lcan ic  a c t i v i t y  (as s t u d i e s  of  vo lcan ic  
gases have shown) i s  water. Approximately 10 times less carbon 
d iox ide  was liberated. There was 300 times less n i t rogen .  The 
occurrence o f  molecular  oxygen i n  t he  etmosphere of t h e  Earth i s  
connected w i t h  t h e  occurrence of p l a n t s  on the  Ea r th  - t h o s e  chem- 
i c a l  combinations which remove carbon d iox ide  from the atmosphere, 
changing it i n t o  sedimentary rocks  (such as l imes tone)  and l i b e r a t i n g  
i n t o  the  atmosphere molecular  oxygen, a gas which belongs s p e c i f i -  
ca l ly  t o  t h e  Earth. 

Under t e r res t r ia l  conditBons, i n e r t  n i t r o g e n  has appa ren t ly  
not  undergone p a r t i c u l a r  changes. It must be noted that  under ter-  
res t r ia l  cond i t ions  carbon d iox ide  is not  combined only by b io lo -  
g i c z l  e f f o r t s .  When there  i s  l i q u i d  water i n  t h e  rocks ,  r e a c t i o n s  
take p l a c e  conver t ing  s i l i c a t e s  i n t o  carbonates .  

Taking t h e  f a c t  i n t o  account tha t  t h e  dimensions and mass of 
Venus and the E a r t h  are very c l o s e ,  it may be  assamed t h a t  t h e i r  
i n t e r n a l  s t r u c t u r e s  are s i m i l e ,  and t h e r e f o r e  vo lcan ic  processes  /88 
mus t  have taken p l a c e  i n  approximately t h e  same way. 

- 

There i s  a c t u a l l y  a s i m i l a r i t y :  f o r  example, the  amount of 
carbon d iox ide  l iberated i n t o  t he  atmosphere of  bo th  p l a n e t s  du r ing  
t h e i r  e v o l u t i o n  is  approximately the same. The d i f f e r e n c e  i n  t h e  
amourit of  water vapor i s  enormous. 

What i s  t h e  answer t o  t h i s ?  I n  o r d e r  t o  e x p l a i n  t h i s  pheno- 
menon, there a r e  two b a s i c  hypotheses.  

One of them assumes t h a t  the  l i t h o s p h e r e  of Venus gave u., t h e  
sme amount of water as t h e  E a r t h .  However, t h e  f a c t  t h a t  i n  t h e  

upper atmosphere of Venus ( i n  t he  mesopause) t h e  temperature  i s  



10 - 20° higher i n  i t s  c o l d e s t  reg ion  than  i n  t h e  atmosphere of  
t h e  Earth,  and t h e  hard  u l t r a v i o l e t  r a d i a t i o n  of t he  Sun may pene- 
t r a t e  f a r t h e r  t han  on t h e  Earth,  caus ing ,  on t h e  one hand, a h igh  
rate of vapor pas s ing  from the lower l a y e r s  o f  t h e  atmosphere i n t o  
t he  upper l a y e r s ,  t h e i r  more i n t e n s e  decomposition (pho tcd i s soc ia t ion )  
under t h e  in f luence  o f  u l t r a v i o l e t  r a d i a t i o n  upon hydrogen and 
oxygen, and more a c t i v e  "&liminat ion" of hydrogen (due t o  thermal 
motion it acqui red  a v e l o c i t y  which was greater thar, t he  second 
cosmic v e l o c i t y )  from the  atmosphere i n t o  space.  Due t o  t he  h igh  
temperature  and chemical a c t i v i t y ,  oxygen i s  combined w i t h  o t h e r  
gases and s o l i d  material of the p l a n e t  su r f ace .  

Thus, dehydrat ion of t h e  p l a n e t a r y  atmosphere occurs .  

A s  c a l c u l a t i o n s  have shown, i f  t h e  average tempera ture  on 
E a r t h  r ises by s e v e r a l  t e n t h s  of  a degree ,  i n  190 m i l l i o n  years  
the Ear th  would l o s e  i t s  oceans.  From the  po in t  of view of geo- 
l o g i c a l  h i s t o r y ,  t h i s  i s  a very s h o r t  p e r i o d  of  time. The o t h e r  
hypothesis  s t i p u l a t e s  t ha t  Venus was formed a t  once (without  water). 
This i s  due t o  the  f a c t  t ha t  i n  t h a t  part of t h e  primary proto-  
p l ane ta ry  cloud (where the  formation o f  Venus occurred) ,  due t o  
i t s  c loseness  t o  the Sun (and, consequently,  a h igher  tempera ture)  
there  were no i c e  p a r t i c l e s ,  and consequently t h e  volcanic  gases  
included no water vapors .  The choice between these hypotheses 
remains f o r  t he  f u t u r e .  

The f irst  hypothes is  i s  cor robora ted  by t h e  presence  of a 
hydrogen corona on Venus and a l a r g e  amount of deuterium (due t o  
a mass which i s  greater  than  t h a t  o f  hydrogen, deuterium i s  l e s s  
mobile,  it i s  more d i f f i c u l t  f o r  i t  t o  reach  t h e  second cosmic 
v e l o c i t y  and t o  p e n e t r a t e  t h e  atmosphere of t h e  p l a n e t ,  and t h e r e -  
f o r e  it accumulates i n  t h e  corona) .  
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What processes  are r e spons ib l e  f o r  t h e  high temperature  and 
p r e s s u r e  i n  t h e  atmosphere of t h i s  p l a n e t ?  

It may now be stated w i t h  g r e a t  assurance  that  much a t t e n t i o n  
should be g iven  t o  t h e  greenhouse model and the model of e x t e n s i v e  
c i r c u l a t i o n  of t h e  atmosphere of Venus (which we d iscussed  above). 
The p o s s i b i l i t y  can n a t u r a l l y  no t  be excluded that  i n t e r n a l  heat 
of the  p l ane t  p l a y s  a d e c i s i v e  role  i n  t he  thermal  regime of Venus. 
But any model must emphasize t h e  importarit r o l e  of  s e p a r a t i o n  on 
Venus which e q u a l i z e s  the tempera tures  between the day and n i g h t  
s i d e s ,  between t h e  equa to r  and po?.es. 

Now, how do we answer t he  ques t ion  of t h e  forms of l i f e  on 
Venus? 

The ques t ion  of lire beyond t h e  Ea r th  i s  very i n t r i g u i n g  f o r  - /89 
a t h i n k i n g  human being. For c e n t u r i e s ,  many s c i e n t i s t s  have be- 

l i e v e d  t h a t  we are not  a lone  i n  space,  and t h a t  beyond our  p l a n e t  - 
on o t h e r  c e l e s t i a l  bodies  - there may be  l i v i n g  be ings .  

A t  the  beginning of our century the ma jo r i ty  of  s c i e n t i s t s  
assumed t h a t  the  occurrence of l i f e  on t h e  Earth was a 9 u c k y  
coincidence" which could not  be repea ted .  They affirmed t h a t  

there  could be no l i f e  beyond t h e  Ear th .  

Numerous a t t empt s  t o  s o l v e  t h i s  problem, i n  terms of  ou r  
c l o s e s t  neighbors ,  t he  Moon and p l a n e t s  of t h e  s o l a r  s y s t e m ,  have 
usua l  j r e s u l t e d  i n  t h e  f a c t  t h a t ,  a f te r  o b t a i n i n g  d a t a  on t h e  
p h y s i c a l  and chemical cond i t ions  e x i s t i n g  on a c e l e s t i a l  body, 
w e  have attempted t o  determine whether  our organisms on E a r t h  
could e x i s t  under these cond i t ions .  After t h i s ,  conclusions were 
reached regard ing  t h e  p o s s i b i l i t y  or i m p o s s i b i l i t y  of l i f e  on 
t h i s  c e l e s t i a l  body. The drawbacks of t h i s  method a r e  obvious,  
S p e c i f i c  forms of l i f e  are the  product of t h e  e x t e r n a l  cond i t ions  



under which they are forrned and developed. The e x t e r n a l  environ- 
ment and cond i t ions  r ep resen t  the  instrument  which produces t h e  
organism. Thus, it is doub t fu l  whether we can d e t e c t  l i f e  which 
i s  i d e n t i c a l  t o  t h a t  on t h e  Ear th  upon o t h e r  p l a n e t s .  The  probelm 
must b e  formulated i n  a d i f f e r e n t  way - dur ing  the  process  of  
evolu t ion ,  could a complex form of matter be  pr3duced and developed 
which w e  c a l l  l i f e ?  

During t h e i r  e x i s t e n c e ,  a l l  of  t h e  p l a n e t s  have evolved. It 
is  p o s s i b l e  tha t  dur ing  the p a s t  there were cond i t ions  f avorab le  
f o r  t h e  development o f  l i f e  which adapted t o  t h e  o u t e r  cond i t ions  
du r ing  i t s  subsequent development. 

It has ncw become apparent t ha t  t he  occurrence o f  life on t h e  
E a r t h  i s  not  a ''lucky coincidence".  T h i s  was a r e g u l a r  p rocess ,  
an i nhe ren t  pa r t  of  t h e  o v e r a l l  development of t h e  Lwiverse, where 
each consecut ive s t a g e  was c l o s e l y  re la ted t o  t h e  preceding  stage. 

Our Ea r th  shows a great a d d p t a b i l i t y  of  forms cf l i f e  t o  
e x t e r n a l  condi t ions .  

A t  a depth of 1 0  k i lome te r s  i n  t h e  ocean, where t h e r e  i s  per- 
2 p e t u a l  darkness  and t h e  suri-ounding p res su re  i s  1000 kG/cm , t h e  

l i v i n g  world I s  j u s t  as d i v e r s e  a s  i n  t he  upper layers of  t h e  

ocean. 

In  hot  sulphur  s p r i n g s  having a temperature  of 7 O - 9 O 0 C ,  bac- 
t e r i a  l i v e  and develop and the  spores  z r e  sub jec t ed  t o  a tempera- 
t u r e  of l@O°C! Some forms o f  b a c t e r i a  s e l e c t e d  s p r i n g s  con ta in ing  
i r o n ,  o t h e r s  e x i s t  cnly OR petroleum. On t h e  nor thern  s lopes  
of t h e  Ea r th  numerous i n s e c t s  have been discovered on l i c h e n s  w i t h  
3 dimension of 0.5 mi l l ime te r s ;  thcy  have developed and e x i s t  under 
condi t ions  of nega t ive  temperatv-es .  
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Elue-green algae have developed and e x i s t  on rocks  melted by 

nuc lea r  explos ions  and contaminated wrth r a d i o a c t i v i t y .  T h e i r  
v i t a l i t y  i s  as tonish ing;  t hey  may be found at t h e  highest  peaks 
of the Pamirs  and on t h e  s l o p e s  of volcanoes after e rup t ions .  
When piaced a long  wi th  o t h e r  l i v i n g  organisms i n  a hermetic  v e s s e l  
cont*ning air and water and exposed t o  t h e  Sun ( i -e . ,  a c losed  
e c o l a g i c a l  system was produced),  t h e  blue-green algae i l l u s t r a t e d  
tha t  t h e y  d i d  n o t  depend on anyfhing. After s e v e r a l  y e a r s  t h e  

l i f e  cyc le  ended. Only blue-green algae remained i n  t he  vesse l .  
/90 

Under l abora to ry  cond i t ions ,  t he  lower forms of l i f e  and 

p1ar.t;~ were subjec ted  t o  low temp2ratur s down t o  -253OC, w i t h  
r a d i o a c t i v e  i r r a d i a t i o n  i n  va r ious  doses. L i f e  triumphed again.  

Sc ien t i s+ , s  s tudying  m e t e o r i t e s  made very unexpected d i scove r i e s .  
I n  t h e  me teo r i t e s  t h e y  found organic  compounds ( v a s e l i n e  compounds, 
bitumens, hydrocarbons o f  t h e  p a r a f f i n  series), c r y s t a l l i z e d  water, 
and so-cal led organized elements,  whose e x t e r n a l  form was similar 
t o  spore- l ike  formations and c e r t a i n  u n l c e l l u l a r  algae. 

However, there  was very l i t t l e  of t h i s .  A s  a r e s u l t  o f  ex- 
per iments ,  t he  American s c i e n t i s t  R. Berdger d iscovered  a f a n t a s t i c  
f a c t .  Using a p a r t i c l e  a c c e l e r a t o r ,  he bombarded a mixture  of  
methaqe, ammonia and water cooled t u  -230° w i t h  pro tons .  After 
s e v e r a l  minutes, u r e a  acetamide and ace tone  were d iscovered  i n  the  

mixture  - organic  subs tances  which a r e  necessary f o r  t h e  s y n t h e s i s  
of t h e  more complex compounds. The conclusion was reached t h a t  i n  
space,  where there a r e  numerous atoms o f  d i f f e r e n t  elemefits irra- 
diated by streams of r a d i a t i o n ,  more complex compounds mzy be 
formed, i nc lud ing  amino a c i d s  which c o n s i s t ,  as i s  knohn, of p r o t e i n s  
- t h e  basis of l i f e .  A l l  of  these f a c C s  make u s  look a t  Venus from 
a d i f f e r e n t  po in t  of  view. 
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In  the atmosphere of t h i s  p l a n e t  t h e r e  is  an excess  of carbon 
d ioxide ,  and small amounts of  n i t r o g e n ,  ammonia, water, oxygen, 
and o t h e r  compounds. During the process  of e v o l u t i o n ,  i n  t he  upper 
l a y e r s  of t h e  atmosphere c l o s e  t o  the clouds above Venus, where 
cond i t ions  are very f a v o r a b l e  (from t h e  p o i n t  of view o f  t h e  E a r t h ) ,  
could no t  l i f e  develop i n  t he  form of an a i r  plankton o r  i n  o t h e r  
forms? This is  s t i l l  one of t h e  puzz l ing  s e c r e t s  of Venus, which 
f a c e s  s c i e n t i s t s .  

I n  the las t  decade, w e  have come t o  l e a r n  a great deal about 
Venus. However, Venus con t inues  t o  c o n s t a n t l y  r e v e a l  new puzz les .  

How w i s e  w a s  t h e  g r e a t  French phf losopher  D. Didro t ,  and how 
p e r t i n e n t  h i s  thoughts  r ega rd ing  n a t u r e  i n  g e n e r a l  and Venus i n  
p a r t i c u l a r :  "Nature is s i m i l a r  t o  a woman, who loves  t o  dress up 
and who, showing one p a r t  of her  body and then  the o t h e r  under 
her dress, raises t h e  hopes of her  i n s i s t e n t  admirers of sometimes 
knowing her  completely." 
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To VENUS FOR THE SAKE O F  EARTH 

The human mind has d iscovered  many wonders i n  n a t u r e  
and w i l l  d i s cove r  s t i l l  mope, thereby extending  i t s  
power over  her. 

V . I .  Lenin 

Dialectics teaches u s  that  every th ing  i n  the world i s  i n t e r -  - /91 
related and in t e rcond i t ioned .  The a c t i v i t y  of t he  Sun d i r e c t l y  
in f luences  t he  processes  occur r ing  i n  t he  space surrounding i t ,  and 
a f f e c t s  t h e  e n t i r e  s o l a r  system. 

Three p l a n e t s  - Venus, Ea r th ,  Mars - form the  so-ca l led  E a r t h  
group o f  planets.  

By s tudying  these p l a n e t s ,  by understanding t h e  processes  oc- 
c u r r i n g  i n  the  atmosphere, on t h e  s u r f a c e  and i n  t h e  deep layers  
w e  can be t te r  understand t h o s e  processes  which take p lace  nea r  us 
on Earth, and c l a r i f y  t h e  pa th  o f  subsequent evolu t ion .  

By comparing, f o r  example, our  data concerning the  atmospheres 
of  t he  p l a n e t s  o f  t h e  Earth group, through an understanding of the  

c h a r a c t e r i s t i c s  of  t h e  phenomena which determine atmospheric move- 
ment and thermodyncnics under t h e  c o n d i t i m s  of nejghboring p l a n e t s ,  
we w i l l  be be t t e r  able t o  desc r ibe  and t o  p r e d i c t  the  f e a t u r e s  of  
t e r r e s t r i a l  meteorology, and i n  p a r t i c u l a r  t o  compile a more exac t  
weather f o r e c a s t .  

A t  t h e  present  time, g r e a t  e f f o r t s  are b e i n g  devoted t o  s tudying  
the  in f luence  of mankind on t h e  c l imate .  One of t h e  most important 
tasks of geophysics c o n s i s t s  i n  l e a r n i n g  t o  f o r e c a s t  t h e o r e t i c a l l y  
t h e  means by which a "regimen of dynamic equi l ibr ium" can occur 



on o u r - p l a n e t  as a r e s u l t  o f  deliberate a c t i o n s  o r  s l i g h t  e f f e c t s  
e x e r t e d  by human economic a c t i v i t y .  The p r a c t i c a l  importance 
of t h i s  t a s k  is  obvious. Technology has developed so r a p i d l y  that 
already the  ques t ion  arises as t o  t h e  f u t u r e  d e s t i n y  o f  t h e  excess  
carbon d iox ide  and f i n e  d u s t  e n t e r i n g  i n t o  the  atmosphere from 
t h e  combustion of f u e l  i n  i n d u s t r i a l  concerns and i n  m i l l i o n s  of  
o p e r a t i n g  motors .  Might no t  t he  accumulation of carbon d iox ide ,  
after having s tepped  up the "greenhouse e f fec t , "  lead t o  a ca ta -  
s t r o p h i c  warming up of  the climate as occurs  on Venus, o r ,  converse ly ,  
t o  a process  of coo l ing  o f f  such as occurs  on Mars a t  the  t i m e  o f  
d u s t  storms. 

O r  another  example - are t h e  p o l a r  i c e  caps stable? Might 
not r e l a t i v e l y  weak thermal e f f e c t s  lead t o  t h e i r  disappearance 
and t o  world-wide inundat ion ,  o r  conversely t c  t h e i r  c a t a s t r o p h i c  
inc rease ,  i .e .  t o  a r e t u r n  of an i ce  age. 

The atmosphere of Venus i s  a s i n g u l a r  model o f  an atmosphere - / 9 2  
maximally p o l l u t e d  by suspended p a r t i c l e s  an4 carbon d ioxide .  
When w e  have deciphered the  dynamics of the meteoro logica l  pro- 
c e s s e s  and t h e  thermal ba lance  o f  Venus, w e  can p r e d i c t  w i t h  con- 
f idence  impending c l i m a t i c  changes. 

Very many similar q u e s t i o n s  a r i se ,  and w e  are helped i n  an- 
swering them by automatic  s t a t i o n s  i n  space which p e n e t r a t e  t n t o  
t h e  very remote and inaccess:ble co rne r s  o f  o u t e r  space.  Man i s  
t a k i n g  only the  f i rs t  s t e p s  on t > e  road t o  e x p l o r a t i o n  of t h e  cosmos 
and a knowledge cf t h e  Universe. 'Jhese s t e p s  should serve  t o  a i d  
man t o  understand h i s  b e a u t i f u l ,  azu-e  p l a n e t ,  Ear th .  

BufY, while  g e t t i n g  t o  know t h e  Ea-qth, man must not b e  changed 
i n t o  a r u t h l e s s  p lunderer  of her  na turs :  r i c h e s  - t h e y  are not  
i n f i n i t e .  
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This  fact  should always be  remembered. I n  r e c e n t  y e a r s  re- 
searches conducted by s c i e n t i s t s  bo th  on t h e  E a r t h  i t se l f  and iil 
o u t e r  space have forewarned us.  Persons who have been i n  o u t e r  
space speak about t h i s  matter. After h i s  f l i g h t ,  t h e  Sov ie t  
cosmonaut, V. Sevast 'yanov, wrote:  "And suddenly one understands 
tha t  t he  Ea r th  i t sel f  i s  a spaceship  which is  rush ing  i n t o  t h e  
iimitless space of  t he  un ive r se ,  having l imited r e sources  and a 
r e l a t i v e l y  small crew - mankind. 

The people of  t h e  Ea r th  must c h e r i s h  t he i r  p l a n e t ,  spend i t s  
resources  i n t e l l i g e n t l y ,  and l i v e  i n  peace i n  t h e  name of the  f u t u r e  
o f  our  own and succeeding genera t  i ons .  '' 

For t h e  sake of  t h e  Earth,  p rog res s  and the welfare of  man- 
k ind ,  Sovie t  automatic s t a t i o n s  are p r e s s i n g  i n t o  the  depths  o f  
space.  

COLUMBUSES OF SPACE 

T h i s  chap te r  I s  about t h e  chief des igne r s  Sergey Pavlovich 
Korolev and Georgiy Nikolayevich Babakin. Two d i f f e r e n t  c h a r a c t e r s ,  
two  d i f f e r e n t  d e s t i n i e s  p laced  at  t h e  s e r v i c e  of a s i n g l e  goa l .  

Sergey Pavolvoch Korolev was born i n  Zhitomir i n  1906. H i s  
childhood y e a r s  occur red  du r ing  ha rd  and stormy times - an imper- 
i a l i s t  war, r evo lu t ion ,  c i v i l  war, i n t e r v e n t i o n  and v i c t o r y  of the  

Sovie t  power. 

I n  1924, Sergey Pavlovich Korolev completed the  F i r s t  Odessa 
Technical  School and en te red  t h e  Mechanical Department of t h e  Kiev  
Po ly techn ica l  I n s t i t u t e .  

I n  1926, Sergey Pavlovich t r a n s f e r r e d  i n t o  t h e  evening d i v i s i o n  
of t h e  ISoscow Higher Techn!.cal College and began working a t  an 
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a v i a t i o n  p l a n t .  Sergey Pavlovich took h i s  i n d u s t r i a l  t r a i n i n g  i n  
t he  C e n t r a l  I n s t i t u t e  o f  Aerohydrodynamics, imeni N.Ye. Zhukovskiy 
which was d i r e c t e d  by A.N. Tupolev. W.2 l a t t e r  a l s o  became t h e  
d i r e c t o r  o f  t he  degree program of Sergey Pavlovich. 

Within t h e  walls o f  the  Moscow Higher Technical  School imeni 
N.E. Bauman, t h e  young Korolev a t t ended  l e c t u r e s  on i n t e r p l a n e t a r y  
voyages and i n t e r p l a n e t a r y  machines,on the  ideas of K.E. Ts io l -  
kovskiy, about the  rocke t s  o f  F.A. Tsander,  and about the  sketches 
and des igns  o f  N . I .  Kiba l ' ch ich .  And these ideas found the  way 
t o  the heart of Korolev; however, no t  a t  once, bu t  much later. 
But a l r eady  i n  1931, Sergey Pavlovich had worked out  a p r o j e c t  f o r  
a g l i d e r  w i t h  a rocke t  motor. 

I n  t h e  yea r s  1927-1930, p rope l l e r -d r iven  a v i a t i o n  had de f ined  - /93 
i t s  " l i m i t s "  and t h e  a s p i r a t i o n  t o  f l y  higher,  faster and f u r t h e r  
pushed s c i e n t i s t s  and engineers  e v e r  more i n s i s t e n t l y  i n t o  t h e  

c r e a t i o n  of  new forms o f  motors. 

I n  Moscow, I n  1931, there a r o s e  a p u b l i c  o rgan iza t ion  attached 
t o  the Soc ie ty  f o r  Assis tance t o  t h e  Defense, Aviat ion and Chemical 
Construct ion of t h e  USSR: t h e  Moscow Group f o r  t h e  Study of  Je t  
Propuls ion (Mos.GIRD). Its Pres iden t  was F.A. Tsander. I n  1932 
by d e c i s i o n  o f  t h e  Presidium o f  t h e  Cen t ra l  Council o f  t h e  Soc ie ty ,  
the s c i e n t i f i c  r e sea rch  and exper imenta l - -cons t ruc t ion  o r g a n i z a t i o n ,  
G I R D ,  was c rea t ed .  On May 1, 1932 S.P. Korolev became t h e  Head o f  
the G I R D ;  p r i o r  t o  t h a t  t i m e  he was the P res iden t  of t he  Technica l  
Council of t he  GIRD.  

I n  1933 on August 1 7  and November 25 a t  the  "polygon" Nakhabinp 
(below Moscow) t h e  GIRDovites accomplished t h e  f i rs t  launchings 
of Sov ie t  l i q u i d  f u e l  r o c k e t s ,  GIRD-09 and GIRD-X.  
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Already i n  these yea r s  Sergey Pavlovich d i sp layed  t a l e n t  as 
an organ ize r  posses s ing  enormous energy and capac i ty  f o r  work, 
i n f l e x i b l e  w i l l ,  enthusiasm and single-mindedness, capable  of i n s p i r i n g  
the c o l l e c t i v e  t o  s o l v e  complicated tasks. 

I n  these yea r s  i n  Leningrad t h e  Gasdynamic Laboratory (GDL) 
which was under t h e  M i l i t a r y  S c i e n t i f i c  Research Committee of the 

Revolutionary M i l i t a r y  Council  of t he  USSR, was occupied w i t h  work 
on the c r e a t i o n  of j e t  motors. The d i r e c t b r  o f  t h e  work on l i q u i d  
and e lec t r ic  rocke t  motors was V.P. Glushko. 

To u n i t e  the cadre:; f o r  t he  s tudy  o f  je t  p ropu l s ion ,  bo th  
groups (GDL and G I R D )  w e r e  merged and t h e  Jet Propuls ion  S c i e n t i f i c  
Research I n s t i t u t e  was created and S.P. Korolev was Famed Deputy 
Di rec to r  of t h e  sc? . en t i f i c  s e c t i o n .  Sometime la te r  S. P. Korolev 
became head of t h e  department of Winged Rockets. 

H e  c r e a t e d  t h e  winged rocket  212 w i t h  t h e  j e t  engirie ORM-65, 
opera t ing  on n i t r i c  a c i d  and kerosene. The rocket  was launched 
wi th  the a i d  of a p r o p e l l a n t  booster .  The f irst  f l i g h t  of t h e  
rocke t  took place on January 29, 1939. 

I n  1937 t h e  engine ORM-65 was i n s t a l l e d  on t h e  g l i d e r  SK-9 
cons t ruc ted  by S.P. Korolev, and t h e  machine was c a l l e d  RP-318 
( rocke t  g l i d e r ) .  

F l i g h t  t e s t i n g  of t h e  rocke t  g l i d e r  RP-318 was ccnducted on 
February 28, 1940 by t es t  p i l o t  V.P. Fedorov. Th i s  was t h e  f i r s t  
f l i g h t  5.n t h e  USSR i n  a machine w i t h  a rocke t  engine.  

I n  1946 S.P. Korolev was appointed t o  t h e  pos t  of  Chief  

Design E n g i n e e r  of  t h e  Experimental  Design O f f i c e ,  and he was 
e n t r u s t e d  w i t h  t h e  c r e a t i o n  of an i n t e r c o n t i n e n t a l  b a l l i s t i c  
rocke t .  Here i n  a l l  i t s  b r i l l i a n c e  was revea led  h i s  many-sided 
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engineer ing  and o r g a n i z a t i o n a l  t a l e n t ,  d i r e c t e d  t o  the  s o l u t i o n  
of a most complicated,  complex problem. The problem ass igned  was 
so lved  on t h e  eve o f  the 40 th  anniversary  of  t h e  October Revolu- 
t i o n .  On August 22, 1957, Tass r e p o r t e d  t h e  launching o f  a long- 
range i n t e r c o n t i n e n t a l  m u l t i s t a g e  rocket. 

But t h e  p l a n s  of Sergey Pavlovicn a l r eady  reached f u r t h e r .  
On October 4, 1957 f o r  t he  first t i m e  i n  t he  world t h e  voice  of  an 
a r t i f i c i a l  sa te l l i t e  of the  E a r t h  was above t h e  Earth.  

I n  subsequent years S.P. Korolev c r e a t e d  t h e  manned s p a c e c r a f t  
V o s t o k "  and "Voskhod", which f o r  t h e  first t i m e  i n  h i s t o r y  per- 

formed space flights and man e n t e r e d  i n t o  o u t e r  space.  - 194 

A l i t t l e  more than  two yea r s  t r a n s p i r e d  a f te r  the launch o f  
the  world's f i rs t  a r t i f i c i a l  s a t e l l i t e  of t h e  Earth,  and on January 
2 ,  1959 the f ipst  space rocke t  depar ted  toward t h e  Moon. The 
second space rocke t ,  which was launched September 1 2 ,  1959, d e l i v e r e d  
t o  t h e  Moon the  banner of the country o f  the S o v i e t s ,  and t h e  sta- 
t i o n  "Luna-3", which set out  f o r  t h e  Moon on October 4,  1959, photo- 
graphed f o r  t h e  f irst  time the  back s ide o f  t h e  Moon. 

N e w  sys tems and new space robo t s  were c rea t ed .  

On February 1 2 ,  1961 the  s t a t i o n  Venera-1 set  out  f o r  Venus. 
On November 1, 1962 t h e  s t a t i o n  Mars-1 was d i r e c t e d  to!:ards 
Mars. To work out  new sys tems and equipment f o r  t h e  s p a c e c r a f t ,  
t h e  s p e c i a l  s t a t i o n s  o f  t h e  "Zond" series were c r e a t e d ,  which pene- 
t ra ted  t h e  dep ths  of  o u t e r  space and y i e l d e d  new informat ion .  

On November 1 2  and 16, 1965, t h e  s t a t i o n s  Venera-2 and Ven- 
era-3 , which proved t h e  p o s s i b i l i t y  o f  i n v e s t i g a t i n g  t h e  p l a n e t s  
of t h e  so la rsys tem,  were launched. B u t  Sergey Pavlovich d i d  no t  
experience t h e  t h r i l l i n g  moment when t h e  s t a t i o n  Venera-3 placed 
on Venus t h e  banner w i t h  t h e  emblem of  t h e  Union o f  Sovie t  Soc- 
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i a l i s t l c  Republics.  Sudden dea th  on January 1 4 ,  1966 took awEy 

the ou t s t and ing  s c i e n t i s t  and des igner  I n  t h e  prime of h i s  E fea t ive  
powers and dar ing .  

Before the  Motherland, t h e  p a r t y  and t h e  government accorded 
high praise t o  the s e r v i c e s  o f  Sergey Pavlovich Korolev. He was 
twice awarded t h e  t i t l e  of Hero of S o c i a l i s t  Labor; he was a l a u r e a t  
of  t he  Lenin P r i ze ;  he was decora ted  wi th  many o r d e r s  and medals. 
I n  1958 he was e l e c t e d  t o  membership i n  t h e  Academy of Sc iences  
of  t he  USSR. 

Because o f  t h e  enormous volume of work awai t ing  a c t i o n  by the  

des ign  o f f i c e  o f  S.P. Korolev, work on space  automata was t r a n s f e r r e d  
t o  the  des ign  o f f i c e  of  Georgiy Nikolayevich Babakin s h o r t l y  be fo re  
the  death of S.P; Korolev. 

Georgiy Nikolaevich Babakin was born i n  1914. At, an ea r ly  age 
he l o s t  h i s  father and was obl iged  t o  support  h i s  f a m i l y .  There- 

f o r e ,  having f i n i s h e d  a p a r t i a l  i n t e rmed ia t e  school  i n  1929, he en- 
tered t h e  r a d i o  courses  of  t h e  Peoples Commiss&riat o f  Communication, 
which he completed i n  1930, and a t  t h e  age of  16 he began h i s  c a r e e r  
as a worker. 

I n  1937, 8 years a f t e r  f i n i s h i n g  an in t e rmed ia t e  sck 01, he 

took as an ex t ramura l  s tuden t  the examination f o r  t h e  ten-year  
secondary school  and en te red  t h e  correspondence d i v i s i o n  of t h e  
Communication I n s t i t u t e .  From 1937 t o  1943, Georgiy Nikolaevich 
worked i n  t h e  Academy o f  Pub l i c  S e r v i c e s ,  where he s t u d i e d  t h e  
des ign  of automatic pho toe lec t ron ic  ana lyze r s  f o r  t h e  continuous 
c o n t r o l  o f  the  q u a l i t y  of d r ink ing  water  and d i r e c t e d  work on u l -  
t r a s o n i c s .  

During t h e  years of t h e  Great P a t r i o t i c  War Georgiy Nikolay- 
ev ich  t r a n s f e r r e d  t o  des ign  work connected w i t h  t h e  c r e a t i o n  o f  
rrodels o f  m i l i t a r y  technology. 



The subsequent l i f e  of  Georgiy Nikolaevich up u n t i l  h i s  death 
was devoted t o  ques t ions  of  the  development of a e r o n a u t i c a l  and 
rocket  space technbSogy . 

From t h e  middle of t h e  s i x t i e s ,  he was the head of a des ign  
o f f i c e  where work was c a r r i e d  o u t  m d e r  h i s  d i r e c t i o n  r ega rd ing  t h e  
development of space appara tus  f o r  t he  s tudy  of t h e  Moon and the  
p l a n e t s  of  t h e  s o l a r  system. 

The first s o f t  l and ing  on t h e  Moon, the  first a r t i f i c i a l  satel-  - /95 
l i t e  of t h e  Moon, t h e  f irst  d e l i v e r y  o f  l u n a r  s o i l  t o  the  Earth by 
an  automatic machine, the  first Moon-walker, the  first measurements 
i n  t h e  atmosphere and on the  s u r f a c e  of  t h e  Morning star - Venus, 
i n v e s t i g a t i o n s  of t h e  red p l a n e t  - Mars, these are t h e  stages of  t h e  

"cosmic l i f e "  of Georgiy Nikolayevich Fabakin. 

Georgiy Nikolayevich departed t h i s  l i f e  on August 3 ,  1971 
i n  the  pr ime of h i s  c r e a t i v e  powers when "lunakhod-1" was p repa r ing  
to meet its t e n t h  l u n a r  dawn, when two automatic  Mars s t a t i o n s  were 
main ta in ing  t h e i r  course t o  t h e  red p l a n e t ,  when there remained 
on t h e  d e s i g n e r ' s  desk unf in ished  p r o j e c t s  for new space r o b o t s .  

For ou t s t and ing  s e r v i c e s  i n  the  deveiopment o f  n a t i o n a l  space 
sc i ence  and technology, f o r  work on t h e  i n v e s t i g a t i o n  o f  t he  Moon 
and Venus w i t h  t h e  a id  of automatic space machines Georgiy Nikolay- 
ev ich  was awarded i n  1966 t h e  Lenin P r i z e ,  i n  1968 the  t i t l e  "Hero 
of S o c i a l i s t  Labor" was confer red  upon him, and he was g i v e n  t h e  

t i t l e  "Doctor of Technologicsl  Sciences."  I n  1970 he was e l e c t e d  
Associate  Member of t h e  Acsdemy of Sc iences  of t h e  USSR. 

The l a b o r  careei '  of Georgiy Nikolayevich was marked by the  
award of t h e  o r d e r  of t h e  Red Banner of  L a b o r  and medals o f  t h e  
Sovie t  Union. 
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The s e r v i c e s  of Georgiy Nikolayevich i n  r e s e a r c h  on o u t e r  
space were h i g h l y  esteemed by French s c i e n t i s t s ,  and he was pre-  
s en ted  the  diploma and the medal of t he  Na t iona l  Center  f o r  Space 
Research o f  France. 

MASHINOSTROYENIYE PRESS 

We have become wi tnesses  of t h e  f a c t  tha t  t h e  p r o p h e t i c  words 
of Kons tan t in  Eduardovich Ts io lkovskiy  have been real ized:  "Man- 
k ind  w i l l  no t  remain f o r e v e r  on the  Ea r th ,  but  i n  t h e  p u r s u i t  of  
l i g h t  and space  man w i l l  i n i t i a l l y  p e n e t r a t e  t i m i d l y  beyond t h e  

limits of t he  atmosphere, and t h e n  conquer f o r  h imse l f  a l l  circum- 
s o l a r  space .  

Man is  p e n e t r a t i n g  e v e r  more p e r s i s t e n t l y  i n t o  o u t e r  space ,  
s tudy ing  i t  and p l a c i n g  i t  a t  t h e  s e r v i c e  of h i s  i n t e r e s t s .  

Sov ie t  s c i a n t i s t s  are coritinuirig t h e  sys t ema t i c  i n v e s t i g a t i o n  
of Venus w i t h  t h e  a id  of space v e h i c l e s  which began w i t h  t h e  auto-  
ma t i c  s t a t i o n  Venera-4 i n  1967. 

One impor tan t  o u t e r  space experiment has been s u c c e s s f u l l y  
completed. The automatic  i n t e r p l a n e t a r y  s t a t i o n   ene era-8 which 
was launched on March 27, 1973 reached t h e  p l a n e t  Venus on J u n e  22. 

For t h e  f i r s t  time i n  t h e  h i s t o r y  o f  a s t r o n a u t i c s ,  s c i e n t i f i c  
i n v e s t i g a t i o n s  o f  t h e  s u r f a c e  of  Venus were conducted, and t h e  

parameters  of  t h e  atmosphere o f  t h e  p l a n e t  were d e t e r m i n e d  on i t s  
i l l u m i n a t e d  s ide .  

On February 5 ,  1974,  enrou te  t o  Mercury, t h e  American space 
v e h i c l e  Mariner-10 f lew pas t  Venus a t  a d i s t a n c e  of n e a r l y  6000 



k i lome te r s ,  conducted s c i e n t i f i c  i n v e s t i g a t i o n s  and photographed 
t h e  cloud layer  of t h e  p l a n e t .  

The progr&m of i n v e s t i g a t i n g  t h e  p l a n e t s  of t h e  s o l a r  s y s t e m  
by means of  automatic  s t a t i o n s  i s  con t inu ing .  
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